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PREFACE 

These mineral identification tables and this scheme of mineral analysis were 
first presented in the book Mineral Identification Simplified. Since its publi- 
cation, much work and research have been done in improving and developing 
the analytical scheme into a simple, thorough system of qualitative analysis, 
given in such a way that it can be carried out not only by professionals, but 
also by those not technically trained, and without the necessity of elaborate 
facilities and expensive equipment. 

The following references were used: 

. Outlines of Methods of Chemical Analysis; Lundell and Hoffman; 
John Wiley and Sons, 1938. 

: Analytical Chemistry; Treadwell and Hall; John Wiley and Sons, 
1937 (ninth edition). 

A System iff Qualitative Analysis of the Rare Elements; Noyes and 
Bray; Macmillan Company, 1927. 

Standard Methods of Chemical Analysis; Scott; D. Van Nostrand 
Company, 1938. 

Qualitative Chemical Analysis; Noyes; Macmillan Company, 1928 
(ninth edition). 

Spot Tests; Fiegl; Nordmann Publishing Company, 1939 (second edition). 

Handbook of Chemical Microscopy; Chamot and Mason; John Wiley 
and Sons, 1940 (second edition). 

These mineral identification tables have been revised and brought up to 
date and include all minerals reported to January, 1945. Although it was not 
thought advisable to attempt to tabulate all sub-classes and varieties, a great 
many have been included. The following references were used in ffie com* 
pilation: 

The American Mineralogist. 

The Mineralogical Magazine. 

Mineralogical Abstracts. 

Dana’s System of Mineralogy, Vol. 1, Seventh Edition; Palace, 
Berman and Frondel; John Wiley and Sons, 1944. 

Mineral Identification Simplified; 0. C. Smith; Wetzel Publishing 
Co., 1940. 

The author wishes to express his deepest appreciation to Dr. F. H, Pough, 
Curatm’ of Geology and Mineralogy, American Museum of Natural Historyi 
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New York; Dr. Thomas Clements, Professor of Geolpgy, University of South- 
ern California, Los Angeles, Calif.; Dr. G. E. F. Lundell, Chief, Division of 
Chemistry, National Bureau of Standards, Washington, D. C.; Mr. Roy L. 
Cornell, California Testing Laboratory, Los Angeles, Calif., and Mr. O. U. 
Bessette, for their help and suggestions in reviewing and criticizing the text; 
to Dr. Joseph Murdock, Associate Professor of Mineralogy, University of 
California at Los Angeles, for assisting in the selection of the mineral speci- 
mens for the plates; and to Mr. E. V. Rannells for his assistance with the 
photography. 


Bell, Calif., 
October, 1945. 


0. C. Smith. 
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CHAPTER I 

Introduction 

By definition a mineral is a naturally occumng inorganic substance having 
a relatively constant chemical composition and fairly definite physical proper- 
ties. 

Chemical mineralogy is probably the most important branch of the science 
of mineralogy, because all of the properties of the minerals, the crystal forms 
assumed, and the final identification are dependent on the composition and 
molecular arrangement. 

While minerals are considered to be of constant chemical composition, it 
must always be borne in mind that this does not mean they are chemically 
pure substances. Nature is not meticulously careful to prevent contamination, 
with the result that most minerals contain extraneous substances, and these 
often change the characteristics somewhat. Often it is these small amounts of 
extraneous substances which give the economic value to many mineral de- 
posits, as for instance silver in galena, gold in pyrite, vanadium, chromium 
and titanium in iron minerals. 

There are a number of elements that are quite easily interchangeable, with 
the result that one mineral may grade into another. Iron, aluminum and mag- 
nesium often partially replace each other, the iron in a mineral being partially 
replaced by aluminum or magnesium, or vice versa. Calcium and magnesium 
and sodium and potassium also act in the same way. Many of these types of 
substances may te considered as mixtures of two minerals, but in many cases 
the mineral is called by the name which represents the compound present in 
the greater amount; the other is considered an impurity. The distinction de- 
[Dends on the percentage of each, and the analyst must use his own judgment. 
If, for instance, a mineral was tested and found to be composed of a large 
amount of iron oxide, and a small quantity of titanium oxide was indicated, 
it would be regarded as an iron mineral with titanium as an impurity. If, 
however, the amount of iron and titanium were both large, it would probably 
be considered an iron-titanium mineral, such as ilmenite. 

Identification of minerals by their physical properties only does not in any 
way indicate what elements are present. It does indicate that certain elements 
and compounds are in great preponderance. Magnetite, for instance, is not 
difficult to identify, but simple identification as such does not tell whether 
small amounts of vanadium, chromium, titanium, manganese, etc., are con- 
tained in it. Chemical analysis alone will determine this. 
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CHEMICAL ANALYSIS OF MINERALS 


Chemical analysis of minerals therefore becomes very interesting^ and profit- 
able and should be more widely used by both the professional and amateur 
chemist and mineralogist. It is firmly believed that many new min- 
eral resources and deposits will be found by greater use of chemical 
methods. 

The qualitative analysis of minerals is quite simple but has not been prac- 
ticed to any great extent to date by non-professional or professional men on 
assigned jobs away from their place of business, because no practical system 
outlined in simple methods and language has been available. Those amateurs 
who do become interested are usually baffled the first time they open a text 
book on qualitative analysis, because of the technical expressions and phrases 
used, the references to normalities, ionizations, concentrations, etc., and the 
general idea of complexity in which they are engulfed. Chemical analysis is 
in reality a very simple mechanical sequence and, while it is admitted that 
certain conditions must be met and one must use some chemical terms, these 
can be kept to a minimum. If the -procedure is understood by the operator 
these terms will soon become familiar to him, and without realizing it he will 
soon develop a fair chemical vocabulary and understemding. The carrying out 
of this idea has l^een attempted in the instructions given here. 

The system of qualitative analysis set forth in this book is a combination 
of the blowpipe and wet systems. Each has its very decided advantages, and 
an effort has been made to adopt the good points of each, thus obtaining a 
system which by a routine procedure covers virtually all of the basic elements 
while retaining many excellent qualities of blowpiping. This is accomplished 
by group testing and separation by the wet method and blowpipe tests on the 
precipitates or residues. 

Two new groups have been added to the ordinary scheme of wet analysis. 
These are the oxalic acid or rare earth group and the zirconium or titanium 
group. This has been done in order to simplify the iron group. The testing for 
and separation of these groups are as easy and complete as most of the other 
more common ones, and a great advantage is obtained. Elimination of pos- 
sible elements is almost as important as confirmation in an analysis. These 
new groups assist greatly in the simplification of this procedure. 

Iron is a very common element in minerals, with the result that a positive 
test for it is often obtained. Under the ordinary system of group separation, 
the iron group contains not only the commonly known elements, iron, manga- 
nese, cobalt and nickel, but also thorium, scandium, the rare earths, zirconium 
and titanium, with the result that a positive test for the iron group means 
that any one of these elements may be present, thus necessitating consider- 
able work in separating and testing. By removing or showing the absence of 
the oxalic acid and zirconium groups as is done in this scheme, the iron group 
is converted from a complicated one of about 24 possible members to a very 
simple one of only 4 or 5 members. 
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introduction 

It may be argued that members of the oxalic acid and zirconium groups are 
not common etements. However, according to the best authorities, these ele- 
ments appear in the earth’s crust in greater amounts than the elements which 
we ordinarily look upon as common, and no simple system of analysis, either 
wet or dry, has been published which allows one to test for them in a routine 
procedure. In working with minerals, many of these elements are apt to be 
encountered and any analytical scheme should include them. 

No attempt is made here to teach the principles of qualitative analysis. 
There are many excellent texts available on this subject. However, most all 
of them assume that complete laboratory" facilities are at hand, with the result 
that the conditions required for separations are stated and described, but in 
virtually ho case are sjxjcific instructions given as to how these may be ob- 
tained in a simple manner. 

The endeavor here is to give these specific instructions, using the simplest 
possible means and methods to obtain the approximately correct conditions 
for the separations. In almost all cases this is accomplished by using the stand- 
ard, concentrated reagents, vrhich are of quite constant and uniform strength, 
drops from a dropping bottle, and specified volumes. 

Considerable library research as well as tests on known and unknown 
minerals and mixtures have gone into the development of the procedure here 
recommended. Practical experience by amateurs and experts has reduced the 
tests to the simplest and most accurate routine. 

The size of the sample is smaller than that ordinarily used in macro analysis 
but is large enough to give precipitates in quantity sufficient for identification, 
even when the element occurs in relatively small amounts. It can be handled 
by ordinary macro methods but is small enough to save much time in filtering 
and other operations. 

The color reproductions of the blowpipe tests on charcoal and Plaster.of 
Paris tablets, both per se and with the fluxes and the bead tests, greatly assist 
the analyst in the identification. Two new fluxes, not encountered in the liter- 
ature, have been used, namely the bromide and chromate fluxes. In a number 
of cases these are not very specific and do not give pronounced films, but for 
some of the elements they give better results than are obtained by other means. 
Some of the charcoal slabs and plaster tablets show very little film, but it was 
thought best to include them so as to make the list as complete as possible, for 
here again a negative indication is about as important as a positive one in tith- 
ing a decision as to the composition and final results. 

The chapter on ultra-violet light gives much information on its use in min- 
ing, mineralogy, and as a hobby. While very few minerals invariably give a 
specific reaction to “black light,” many of them from certain localities, do 
fluoresce, because of the presence of some exciting substance. In these cases, 
the reaction to the light is specific for the mineral that locality ^ and this fact 
should make the ultra-violet light quite useful. The fluorescent material itself 
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may not be of commercial value, but may be associated with the valuable ore 
or mineral in such a way that it indicates where the values lie. 

Good, efficient sources of ultra-violet radiations have been developed only 
in the last few years and much is yet to be learned about their possibilities. 
Since minerals from one district may fluoresce while those from another may 
not, all fluorescent material should be carefully examined chemically to deter- 
mine its nature and to And if it contains commercial values, for there is un- 
doubtedly a great deal to be discovered by the use of this light. 

The Tables 

There are two sets of tables. The tables of chemical reactions are based on the 
solubility of the minerals in the common acids and is for use with simple 
chemical tests as an aid in the identification. This set contains only the more 
common minerals and is an auxiliary to the identification tables, in which all 
of the known minerals are arranged in the order of their decreasing specific 
gravity and hardness, two of the most constant of the physical properties. 

Specific gravity limits which divide the minerals into thirteen groups have 
been selected. All minerals whose gravity range lies within the bounds of a 
single group will be found only in that group. In cases where there is a con- 
siderable variation in the specific gravity, the mineral will be found in all of the 
groups which cover the specific gravity range. Garnet, for instance, has a spe- 
cific gravity range of 4.3 to 3. IS, and is therefore a member of all of the groups 
which are necessary to cover this range, namely, groups 5 to 8 inclusive. 

In the various groups, the minerals are arranged in the order of their de- 
creasing hardness so that all minerals of similar specific gravity and hardness are 
grouped together. Those which have specific gravity but no hardness rejiorted 
are found at the end of the groups. In the last group are the ones on which 
no specific gravity has been reported. These usually are quite rare and unim- 
portant. The tables contain all known minerals and many of the different 
varieties reported up to 1945. The more common minerals are in bold 
type. 

Using the Tables. First determine the specific gravity. This throws the 
specimen into one of the groups. Next find the hardness. This shows that it 
can be one of only a possible few of that group. A study of the other physical 
properties (color, streak, etc.) will usually enable the mineral to be definitely 
identified. If still in doubt, the chemical tests in connection with the tables of 
chemical reactions are applied, which will give an idea of the chemical nature. 
Alternative and ultimate resort can be made to blowpipe tests and complete 
qualitative chemical analysis. 

Many minerals can be identified from their physical properties and chemi- 
cal characteristics, but there are some which differ from each other by only a 
slight variation of their percentage composition or optical properties. Where 
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INTRODUCTION 

this is the case, complete ‘equipment for quantitative analysis and the deter- 
mination of the optical properties is necessary. 

In using the table, it should be borne in mind that the physical properties 
listed are those of putB Minerals^ and the specimen should be carefully ex- 
amined to be sure it is not a mixture or is not somewhat altered. Because of 
these possibilities it is always well to search the groups immediately bi^ore 
and after the one into which the mineral is thrown. 

Finding the Properties of a Mineral 

The mineral index lists alphabetically the names of all the minerals. To 
look up the properties of a mineral, locate its name in the mineral index at the 
back of the book. Following this will be found its location in the group and 
the group to which it belongs. For example, if one wishes to find the character- 
istics of tremolite, on looking in the mineral index under this name he will find 
on page 349 the designation Tremolite, 92-8, 48-9. This means that tremolite 
is item #92 (numerals at left side of page) in group #8 and is found on pages 2S2 
and 253; also it is item #48 in group #9, which is found on pages 266 and 267. 

Where the mineral appears in more than one group, it is because the range 
of the reported specific gravity falls within these groups. Minerals with a wide 
range of specific gravity may be members of several groups, as, for instance, 
gummite. 


Specific Gravity 

Its Determination. The specific gravity of a substance is its weight in air 
divided by the weight of a volume of water equal to the volume of the sample 
being tested. These weights need not be in any of the standard units, as it is 
not necessary to know the weight in grams or pounds. All that is required is 
that both weights be taken with the same units. 

The specific gravity balance is one of the most useful simple instruments 
available to the mineralogist, prospector and mining engineer. It is easily con- 
structed, gives quite accurate results and can be used for a number of pur- 
poses. It is only the lack of information as to the ease of specific gravity deter- 
minations and its many values that prevents it from being used a great deal 
more. 

There are several types of apparatus by which the specific gravity may be 
determined. Among these are the hydrometer. Jolly and Iteam balances, the 
pycnometer, the Berman balance, the use of heavy liquids, and also any 
ordinary balance or scale. 

The drawings show some of these pieces of apparatus in simple form. The 
construction and design have purposely been made simple and many refine- 
ments omitted in order to simplify the construction for those who wish to build 
their own equipment. 
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CHE;MICAL ANALYSIS OF MINERALS 

Probably the simplest method is the use of the hydrometer. Figure 1 shows 
a Beaume hydrometer for light oils, equipped to take the specific gra^ty of 
solids. A pan made of very light material is. slipped over the top of the stem 
and another one is attached to the bottom of the hydrometer. This lower pan 
must be heavy enough to make the hydrometer sink to the 0 on the scale in 



Fig. 1. Hydrometer for Determination of Specific Gravity, 

water at 39°F. This is the zero point. That is, with nothing Jn either pan the 
0 on the scale in the stem must be exactly at the top of the water. A tall glass 
container, known as a hydrometer jar, is used to hold the water. 

In taking the specific gravity with this piece of apparatus, a small sample of 
the mineral is placed in the top pan. This causes the hydrometer to sink part 
way. When it has come to rest and is floating freely in the water the reading 
at the top of the water is taken; We will presume this to be 10. The mineral 
sample is now taken from the upper pan and placed in the lower one, the hy- 
drometer placed in the water, allowed to come to rest, eind the reading at the 
top of the water again taken. This we will assume to be 8. From these two 
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Mm?i! r*"®" specific gravity as follows: the firat reading 

(10) leas the secoirf reading (8) leave»2, which is the weight ofitbe wat^r equal 
to tlK volume of ^e sample in terms erf the hydrometer units. This (2) divided 

*"tii ti ^ gives 5, which is the specific gravity of the sampled 

e ydrometer method is simple, quite accurate, and requires apparatus 



Fig, 2. Jolly Balance. 

that is easily carried. It is limited to small pieces of not over 2 grams which, 
however, may be an advantage, as small pure specimens are usually easier to 
obtain than larger ones. It has the disadvantage that at the present time it is 
not on the market. Arrangements had been made for their manufacture, but 
during the war this was suspended. » 

A simply constructed Jolly balance is shown in Fig. 2. All of the parts neces- 
sary to build this instrument, with the exception of the spring, can he pur- 
chased from the 5 & 10 cent stores. The spring is the essential part of this piece 
of apparatus and must have the property of expanding equally throughout its 
entire range without permanent distortion; that is, it must not be perina- 
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nehtly stretched or elongated by use. A satisfactory spring may be made on a 
lathe by winding a good grade of spring steel wire on a mandrel. The one shown 
in the cut is a spiral made of #6 piano wire and gives very satisfactory results. 

Figure 3 is a drawing of a mandrel for making the coil spring. The mandrel 
is easily made on a lathe from a piece of cold rolled steel. 

In making the spring, the end of a roll of §6 piano wire is passed through the 
small hole in the flange and is befit over so that it will hold during the winding. 
The small end of the mandrel is clamped in the lathe chuck and the other end 
is supported by the tail center. The wire is clamped between two pieces of hard 



Fig. 3. Mandrel for Making Coil Spring. 


wood, bakelite or other similar substance, in the tool post tight enough to put 
a high strain on the wire as it is wound on the mandrel. Steel piano wire must 
be drawn very tight in order to get a good winding job. Run the lathe very 
slowly and wind about one and one-half inches on the mandrel. A longer or 
shorter spring may be made if desired. When sufficient wire has been wound, 
run the lathe backwards for a time to relieve the high tension the coil is under 
before cutting the wire. If this is not done, the operator may be cut by the 
wire as it unwinds. After removing the spring from the mandrel, the bottom 
and top ends are bent at right angles for supports. 

The stand of the balance is a skirt marker, used by women to mark the 
length of dresses, with the measuring stick "A” turned upside down so that 
it reads from top down. This is in inches and eighths, which causes some in- 
convenience, as the readings must be converted to eighths. A measure divided 
into inches and tenths or a meter stick is much better. 

Three screiy-eyes are placed on the back of the upright about 4" apart, the 
middle one being out of line so that when wire *‘B’* is passed through them it 
binds and will remain wherever placed. The top of this wire is bent to form a 
hook or eye for holding spring “C," Two metal broom holders, fastened to- 
gether, are used for slide “D,” one fitting around the upright "A,” the other 
being flattened out and projecting in front, under the spring. A silk thread is 
suspended from the bottom of the spring. 

The operation of the apparatus is as follows: slide "D” is placed at the top 
so as to read 0, then wire ''B" is raised until the bottom of spring '^C barely 
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touches thfe top of (3ie slide. A piece of mineral is tied on with the silk dUiesad 
and allowed to hang freely from the bottom (rf the spring. The slide is lower^ 
until it is just at the bottom of the spring, and the reading is taken, say 10^'^ 
A glass of water is now held so that the mineral is covered completely with 
water but does not touch the glass. The specimen will rise to a fuced point; 



The slide is moved up to the bottom of the spring again, and a reading is taken, 
say 6}i". As the measure is in inches and eighths, these readings must be con- 
verted to a common unit, in this case eighths, which gives 8S for the first read* 
ing and SO for the second. Subtracting these we have 35. This divided into 85 
gives 2.43 which is the specific gravity of the specimen. 

This illustration shows the very simplest form, but many refinements may 
be made, such as using a pair of pans instead of the thread, a sliding support 
for holding the glass of water, a vernier for more accurate readings, and a 
specially wound spring which may be purchased from a chemical supidy house. 

The crudely constructed Jolly balance illustrated will give results accura^ 
to 1/10. With refinements, one may easily be built to read accurately to 1/100. 

The bgatn balance illustrated in Fig. 4 is probably the most generally use- 
ful of the various types, as a properly constructed one may be used for making 
weighings as well as the simple determination of specific gravity. Because oi 
this, detail construction drawings are given in Figs. 4, 5, 6, 7, and 8. 

The critical parts of this type of balance are the b^m, which inust ’be 
graduated accurately, and the type and location of the knife edges. These 
have been carefully worked out, and if the details of the drawings are followed 
a first class piece of equipment should result. 

The drawings show the beam notched with 20 divisions to the inch. This 
was done on a metal shaper by setting it to move 1/20" to each stroke and 
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having the bit ground to 60°. If this is not available it is not absolutely neces- 
sary and the constructor may leave the top of the beam smooth, and using an 
engineer's scale accurately mark it on the side into inches and tenths. The 
beam may be made of almost any material, such as hard wood, aluminum, 
brass or iron, but must be of uniform thickness and weight. 

The knife edges are made of a three cornered file with the serrations ground 
off and one edge very smooth. The supporting knife edge must be in exactly 
the right place, for if it is too low it will be below the center of gravity and the 
balance will be unstable, the beam tending to go either up or down and not 
balance. If too high, the sensitivity of the balance is greatly reduced. 


Kmwiin 

■■■I 

HKVHI 












Fig. 5. Beam Balance, Folded. 


The knife edge carrying the pans is exactly three inches from the support- 
ing knife edge; in other words, the reading "3'* on the beam is the same dis- 
tance from the supporting knife edge as the pan support, and the beam is 
graduated uniformly through its whole length. This makes it possible to take 
fairly accurate weighings by using a set of three riders weighing 30 grams, 
3 grams and 3/10 grams respectively. They are used as follows: with the scale 
in balance, if the 30 gram rider is placed on reading *T," it will balance 10 
grams on the pan; if at “10," it will balance 100 grams. The same is true of the 
other riders, except that they read 1 gram and 1/10 gram respectively. If, 
then, one wishes to weigh 23.27 grams, the large rider would be placed on read- 
ing “2," the medium rider on reading “3” and the small rider on reading 
“2 7/10." In making weighings as above both pans should be in air and not 
have one pan submerged in water as when taking specific gravity, or a special 
single pan may be used for weighings only. 

To make these riders it is best to have standard weights for use on the pan. 
A standard SO gram, 5 gram and S/10 gram weight will be sufficient. With the 
SO gram weight on the pan, the large rider is made so that when it is hung at 
reading "S" on the beam it exactly balances; the other riders are made the 
same way, using the smaller weights. If it is not possible to obtain standard 
weights, then approximate ones may be made by measuring accurately SO 
milliliters of distilled water at 39°F. into a container on the balanced scale. 
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Fig. 6. Baiih Balance, Dtewing of Beam. 
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Fig. 7. Beam Balance, Drawing of Bottom Plan and Cover. 
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Fig. 8. Beam Balance, Drawing of Acc< 
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This will weigh SO grams, for 1 milliliter of water at 39°F, weighs 1 gram* Due 
to the fact that it is difficult to measure accurately small volumes of water 
without special equipment, this method should not be used unless it is impos- 
sible to make riders using standard weights. 

The riders of definite weight described above can be used for both weighings 
and specific gravity determinations, but for taking the specific gravity only 
they are not necessary, as anything may be used. The drawings show a set of 
common iron washers for this purpose. The operation using these is as follows ; 
the cup is filled with water deep enough so that when the specimen is placed 
in the bottom pan it will be covered, but the water must not reach the top 
pan. With the pans hanging freely in the water, rider “A” is placed so that the 
beam is in balance. This rider must not he disturbed or moved during the weigh- 
ings, The specimen is placed on the upper pan and rider “C* is placed so that 
the beam is again in balance, and the reading is taken, say 8. This is the weight 
in air. The specimen is now removed from the top pan and placed in the lower 
one, where it is covered with water. Rider “C” is again placed so that the 
beam is again in balance and the reading is taken, say 6. This is the weight in 
water. The specific gravity is calculated by the formula: 

g (weight in air) 

(weight in air) — (weight in water) 


Substituting the above readings wc have: 


Sp. Cr. 



Relatively small samples may be used satisfactorily by adjusting the weight 
of the rider to give readings near the end of the beam. This balance may be 
improved in sensitivity and accuracy by making the knife edges and supports 
of agate, enclovsing it so as not to be affected by air currents, etc. 

The pycnometer method is not used much by amateurs, as it requires 
special equipment and a very accurate balance. It is used to some extent by 
analytical laboratories on very small samples, where great accuracy is desired. 
With this method, the pycnometer is first weighed empty (weight "A,** say 5.0 
grams). The particles of mineral are then introduced into the pycnometer and 
another weighing (weight say 5.2 grams) is made, The difference be- 
tween these weights is the weight of the sample. The pycnometer is then 
filled with water and weighed again (weight “C,** say 10.15 grams), care being 
taken that all air bubbles are removed from the mineral. This may require 
boiling. If this is done the apparatus must be cooled before weighing. All water 
and mineral are then removed from the pycnometer and it is refilled with 
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water and wdghed again (wdght "D,” say 10.00 grams). The specific gramty 
of the sample is calculated as follou's: 


Sp. Gr. = 


(B-A) 

D + (B - A) - C’ 


Substituting, we have: 


(5.2 - 5.0) .20 _ 

10.0 + (5.2 - 5.0) - 10.15 ~ 

The Berman density balance is a torsion micro-balance developed by the 
late Dr. Harry Bermaii of Harvard University. It has great accuracy and is de- 
signed to handle very small samples. The capacity is 5 to 75 milligrams and the 
sensitivity is such that a vernier scale will read to 0.000001 gram. The spe- 
cific gravity is determined in the same manner as with the beam balance, 
using the two pan system and Weighing in air and in liquid. Toluene is recom- 
mended instead of water for submersion of the spt'cimen, as the surface ten- 
sion is only that of water, the ratio being 29 to 73. By using a 25 milligram 
sample, the balance is accurate to 0.2% and a determination can be made in 
about five minutes, the results checking very closely with the theoretical- ^ 

With the heavy liquid method, methylene iodide (CH 2 I 2 ), Braun’s solu- 
tion, with a specific gravity of 3.3, may be mixed with benzol, specific grav- 
ity 0,98, for intermediate gravities or potassium mercuric iodide (KI,HgI), 
Thoulet’s solution, with a specific gravity of 3.19 may be mixed vnth water. 
Other heavy liquids are Klein’s, borotungstate of cadmium, Clerici’s thallium 
formate and malonate and silver thallium nitrate. The procedure with these 
liquids is to make dilutions until the particles of mineral neither sink nor float, 
then determine the specific gravity of the liquid with a Westfall balance or 
pycnometer, or a definite volume of the liquid may be measured out and 
weighed. 

As potassium mercuric iodide is a strong irritant poison producing painful 
blisters, and some of the other heavy liquids such as silver thallium nitrates, 
specific gravity 4.5, are very poisonous, and since special equipment must 
be used to determine the specific gravity of the liquid after the test, this 
method is used only for special samples such as gems and minute particles. 
A commercial system has been developed, however, using this principle, by 
which the lighter materials may be separated, as, for instance, coal may be 
freed of slate and rock. 

An ordinary spring scale such as is used around the home, may be used 
on fairly large pieces by hanging the piece by a string to the scale in the same 
way as described under the Jolly balance, taking the weight in air, say 1 pound 
4 ounces, then lowering it in a bucket of water and reading the weight, say 
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15 ounc^. These readings must be converted to ounces, which gives 20 for the 
first reading and 15 for the second. These subtracted give 5, which divided 
into the first reading (20) gives 4 as the specific gravity of the sample. 

All the above descriptions and directions have been given using water for 
the submersion of the sample. However, some minerals are soluble in water 
and therefore some other liquid must be used. Toluene, also known as toluol, 
gives excellent results. In fact, much more accurate results are obtained by 
using toluene instead of water on all substances, as the surface tension of 
toluene is much lower than that of water and thus does not have the restrain- 
ing action or damping effect on the balance. If it is used, however, the results 
obtained must be corrected; since the specific gravity of toluene is 0.866 at 
68“F. the results obtained will be high, and it is necessary to multiply the 
result by the specific gravity of the liquid (0.866) to obtain the correct spe- 
cific gravity of the sample. 

Sometimes it is desired to determine the specific gravity of sand, gravel, 
ground mineral, concentrates, etc.' This can be done by weighing out a sample 
and placing it in a graduated container and determining the volume in milli- 
liters displaced by it. For instance, if a sample of sand or concentrate weighed 
10 grams and on placing it in a burette containing water it raised the liquid 
level 2 milliliters, the volume of the sample would be 2 milliliters, and since 
1 milliliter weighs 1 gram, the weight of the water displaced weighs 2 grams. 
This divided into the weight of the sample (10) gives 5 as the specific gravity. 
In this determination, care must be used to see that all air is removed from 
the sample grains, or the volume recorded will be erroneous and an incorrect 
result will be obtained. 

Uses of Specific Gravity. Specific gravity and the difference in specific 
gravity of various minerals and substances are used in a number of ways by 
mineralogists, mining engineers and in the arts. 

One of the important uses is assisting in the identification of minerals. The 
specific gravity is one of the most constant of the physical properties of min- 
erals and a classification based on it is one of the very few that can satisfac- 
torily include all the minerals. In the tables of this book the minerals are 
divided into 13 specific gravity groups and in each group they are arranged 
according to their decreasing hardness. 

In identifying a mineral by this method, the specific gravity is first deter- 
mined, throwing the mineral into one or more of these groups, thus elimi- 
nating all minerals in the other groups. The hardness is next found and, by 
running down the table to this hardness, it is seen that the specimen must be 
one of a few minerals, as all known minerals of that specific gravity and hard- 
ness are found together in that grqap. By a comparison of the other properties, 
such as fusibility, solubility in hydrochloric acid, color, streak, luster, cleav- 
age, fracture, crystal system and index of refraction, which are all conven- 
iently listed across the page, the identification can usually be made. Simple 
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blowpipe Mid chemical tests atnd the chemicjd composition are ^so given 
and may be used if necessary. 

Most of the more common minerals and many of the rarer ones can be 
identified by this method, but one should not get the mistaken impression 
that absolutely all minerals can be identified by their physical properties or 
even by qualitative analysis, for some of them vary from each other by only 
slight differences in chemical composition, index of refraction, etc. Where 
this is the case, complete equipment for quantitative analysis and the deter- 
mination of the optical properties and molecular structure is necessary. 

In using the table, one should bear in mind that the specific gravity and 
other data are on the pure minerals and that the specimen under investiga- 
tion should be observed for uniformity of texture, etc., to make sure it is not 
a mixture. It must also be remembered that although the specimen may be 
a crystal there is the possibility that it may be altered somewhat or may not 
be absolutely pure, with the result that its specific gravity and other prop- 
erties may vary slightly from those of the pure mineral. For this reason it is 
always well to compare the groups immediately before and after the one into 
which the mineral falls. 

Another important use of specific gravity is in the determination of the 
percentage composition of an ore or mixture of two minerals. With an ore, the 
procedure is as follows: 

Assume, for example, that the ore in question is a sulfide carried in quartz 
as the gangue mineral. To arrive at the f)ercentage of sulfide we must know 
three things, namely, the specific gravity of the sulfide, or concentrate (X), 
of the gangue (F), and of the ore (Z). These can be determined by one of the 
methods already described. If we let X, Y and Z represent these gravities, 
then the percentage of the heavier mineral (sulfide) in the ore is found by 
the formula : 


Percentage by weight of the heavier mineral 


100 X X X (Z - F) 
Z X (X " F) 


As a concrete example, take a sample of "picture rock" gold quartz, similar 
to one that most mineralogists have (or wish they had) in their collections, 
and determine the gold content. 

The specific gravity of the gold is taken as 18.00 (X). 

The specific gravity of the quartz is taken as 2.65(F). 

The specific gravity of the ore is taken as 4.65 (Z). 


Substituting in the above equation we have: 

100 X 18.00 X (4.65 - 2.65) ^ 100 X 18.00 X 2 ^ 3600 
4.65 X (18.00 - 2.65) 4.65 X 15.35 71.38 

- 50.43% gold by weight. 
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The percentage composition of any other mixture of two minerals or sub- 
stances is determined in the same manner. 

The same determination can also be made by using the formula W = VD^ 
i.e., V = W/D^ where W is the weight, V the volume in milliliters and D the 
density or specific gravity. This method is more complicated and requires the 
use of weights. The following is an example, the ore consisting of gold-bearing 
pyrite in rock. 

The specific gravity of the pyrite is 5. 

The specific gravity of the rock is 3. 

The specific gravity of the ore is 4. 

The weight of the sample is 100 grams. 

Let X be the weight of the pyrite in grams. 

Let Y be the weight of the rock in grams. 

Then X + Y = 100 grams (weight of the sample). 

From the formula V = W/D we find the volume of each thus; X/5, Y/3 and 
100/4. From these we derive the equation: X/S + Y/3 = 100/4 = 25. Clear- 
ing fractions, we have: 

3X +SF = 25(3 X 5) = 375. 

Solving for X in the two equations, we have: 

5X -f 5F= 500 
3Jr -H5F= 375 
2X = 125 
X - 62.5 

The ore contains 62.5 grams of pyrite in the 100 gram sample, which is 
62.5% by weight and a ton contains 1250 pounds. 

Another use for the difference in specific gravity is utilized in panning. 
Panning is usually thought of in connection with gold, but any heavy ma- 
terial may be separated from a lighter one by this method. In carrying out a 
separation, a gold pan or other flat container is filled with the gravel or crushed 
ore and thoroughly wet with water by stirring and mixing. All large rock is 
washed and discarded. The pan is then submerged in water and given a 
rotary motion with a sidewise movement to agitate the contents and loosen 
them so that the heavier particles will settle to the bottom. After shaking for 
a short time the very top of the contents of the pan will be freed of the heavier 
substance and by a little more violent motion the water is made to wash some 
of this top material over the side of the pan; or one may scrape the top off by 
hand or dip the pan under water, then raise it out, allowing the water to run 
off one side, thus carrying the top away. After this removal the. pan is again 
submerged, rotated and shaken to allow the heavier parts to settle further, 
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and the top is again washed off. This cycle is repeated until nothing but the 
heavier material remains in the pan. When most of the lighter mate^sd has 
been removed it is better to transfer it to a smaller pan and, when neir the 
end, to use a still smaller one for the final separation. By using 16", 12" and 
6" pans, excellent separations can be made with a little practice. 

If water is not available, as is often the case in the desert, the separation 
may be made by dry pannmg. This is carried out in much the same way, 
except that the lighter material must be removed by blowing with the mouth 
or pouring from one pan to another and allowing the wind to carry it away. 

Still another method of separation is achieved by jift&ing. Jigging uses the 
same principle as panning, but the operation is different. Using this method, 
the gravel, sand or crushed ore is placed in a sieve, pan, or box with a fine 
screen bottom. This is submerged in a tub or basin of water and is raised and 
lowered with enough force to cause the water to flow first upward then down 
through the sand or ore. This loosens it and with each succeeding cycle the 
heavier particles move toward the bottom and are finally concentrated on the 
screen. After allowing to drain, a board is placed over the top and the entire 
apparatus is quickly turned upside down. By tapping the screen, all of the 
material is loosened from it and deposited on the board, and on removal of 
the screen or sieve the concentrate will be found on top and may be taken off 
with a knife or spatula. Some of the fines will have passed through the screen 
and these must be examined separately, possibly by panning. 

These are only a few of the many uses to which specific gravity and the dif* 
ference in specific gravity may be put by the mineralogist and mining engi- 
neer. In mining and ore dressing many of the methods and much equipment 
for separation and concentration, such as jiggs, concentrating tables, and 
gravity settlers, depend on specific gravity for their success. Nature is con- 
tinually making use of it and it is only through the sorting action of water 
that we have our placer deposits of gold, tin, black sands, and many of the 
important deposits of minerals and gems. 


Hardness 

By hardness is meant the resistance of a mineral to abrasion. Mohs* scale 
is generally used for the measurement of this property, utilizing the numbers 
1 to 10 to designate the various degrees of hardness. A number of common 
articles greatly assist in this determination. These are included with the typi- 
cal minerals used as the standards listed below. 

1. Talc: easily scratched by the-finger nail. 

2. Gypsum: scratched with difficulty by the finger nail. Will not scratch 
a copper coin. 

Finder nail: will scratch gypsum; will not scratch calcite. Hardness about 2.5; 
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3. Galcite: scratches copper and is scratched by copper. Not scratched by 

the finger nail. . 

Copper: scratches calcite; will not scratch fluorite. Hardness about 3. 

4. Fluorite: does not scratch apatite or glass. Scratches copper. 

5. Apatite: scratches glass with difficulty and is scratched by glass with 
difficulty. 

Glass: scratches apatite but does not scratch feldspar. Hardness about 5-5.5. 

6. Feldspar (orthoclase) : scratches glass easily; scratched with difficulty 
by a knife blade. 

Knife blade: will scratch feldspar; will not scratch quartz. Hardness 5.5-6. 

7. Quartz: not scratched by a knife blade; scratched with difficulty by 
a file. 

File: will scratch quartz with difficulty; will not scratch topaz. Hardness 
about 7. 

8. Topaz: will scratch quartz; will not scratch corundum; is scratched by 
corundum. 

9. Corundum: will scratch topaz; will scratch silicon carbide with diffi- 
culty and is scratched by silicon carbide with difficulty. 

Silicon carbide: will scratch corundum; will not scratch diamond. Hardness 
about 9. 

10. Diamond: not scratched by any known substance; will scratch all 
other substances. 

The determination of the hardness is best made by scratching the sample 
with a knife blade to arrive at its approximate hardness and then determined 
exactly by means of the test minerals. With a little practice, hardness of 5 
and below can usually be determined quite well with the knife blade only. 

If a sample scratches feldspar and in turn is scratched by feldspar, they 
both have the same hardness, which is 6. If, however, it will not scratch feld- 
spar but will scratch apatite and is not scratched by apatite, it has a hardness 
of 5.S. 

In making the test, care must be taken to be sure the scratch is a distinct 
groove and not merely a chalk mark. 

On some of the minerals the hardness of the different faces varies and so 
must be taken into account. The hardest face is taken as the hardness of the 
mineral. 


Fusibility 

The ease with which minerals melt in a flame is designated by the numbers 
1 to 7. Typical minerals and their approximate fusion points are given below: 

1. Stlbnite: fuses easily in the luminous flame, in a closed tube and in a 
match or candle flame; about 525^C. (977*^F.). 
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2. Gfaalcopyrlte: fuses easily in the blowpipe flame but with difficulty ill 
the luminous flame or dosed tube; about 800®G. (1472®F.). 

3. Almandite: fuses easily in the blowpipe flame but is riot fused in the 
dosed tube or luminous flame. Finest splinters only rounded on the point in 
the gas flame; about 1050®C. (1922°F,). 

4. Actinolite: thin edges fuse easily in the blowpipe flame but larger masses 
are difficult to fuse; about 1200°C. (2192®F.). 

5. Orthoclase: fuses on the edges with difficulty in the blowpipe flame; 
larger masses are not fused, only rounded; about 1300®C. (2372®F.). 

6. Ernstatitc! Bronzite: fused and rounded only on the thinnest edges and 
points of. small pieces; about 1400°C. (2552°F.). 

7. Quartz; infusible even on the thinnest edge>s and points of small pieces; 
over 1400T. (2552°F.). 

Ill using this scale, the hottest or oxidizing flame is used and the thinnest 
fxissible splinter of the mineral is tested. These should be held in the tip of the 
forceps or tweezers, so as to conduct aw^ay as little heat as possible. If the 
sample decrepitates so that splinters can not be used, it should be ground to a 
powder, mixed with a little water to fonn a paste, spread in a thin layer on 
charcoal and heated slowly then strongly until it forms a thin coherent mass 
that can be held in the forceps and tested in the oxidizing flame. 

If a substance fuses easily in the blowpipe flame, but is infusible in the lu- 
minous flame or closed tube, it is said to have a fusibility of 3; if it is barely 
affected by the luminous flame it has a fusibility of 2.5. 


APPROXIMATE MELTING POINT OF VARIOUS METALS 


Metal 

“C. 

“F. 

Metal 

°C. 

»F. 

Mercury 

-39 

-38.2 

Gold 

1063 

1945.6 

Tin 

232 

449.6 

Copper 

1083 

1981.4 

Bismuth 

271 

519.8 

Nickel 

1455 

2651.0 

Cadmium 

321 

609.8 

Cobalt 

1480 

2696.0 

Lead 

327 

620.6 

Iron 

1535 

2795.0 

Zinc 

419 

786.2 

Platinum 

1774 

3225.2 

Antimony 

630 

1166.0 

Molybdenum 

2520 

4568.0 

Magnesium 

650 

1202.0 

Tungsten 

3370 

6130.0 

Aluminum 

660 

1220.0 

(Approximate limit of blowpipe flame« 

Silver 

961 

1761.8 

1 ISOOT.) 




Solubility in Hydrochloric Acid 

In the column headed HCl is recorded whether the mineral is soluble or in- 
soluble in the acid and also its general reactions- 
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S0I.9 indicates that it is completely soluble. 

Pt. Sol., indicates that it is partidly soluble or soluble with difficulty. 

Gelat., indicates that the mineral is decomposed with the formation of a 
gelatinous precipitate of silica. 

Depd., indicates that the mineral is soluble with decomposition, such as 
evolution of gas. 

Ins., indicates that the mineral is insoluble in either hot or cold acid. 

In making the test, place a small piece of the specimen in a test tube and 
add diluted HCl. Note whether there is any reaction, such as effervescence; 
if there is an odor, such as chlorine or bromine; whether the rate of solution 
is slow or rapid ; the color of the liquid, etc. If there is no reaction or only a very 
slight one, heat gently and observe the results. If no solution or reactions 
occur, repeat, using concentrated HCl. 

Color 

The color of some minerals often varies a great deal, as, for instance, that 
of scheelite. In these cases the various colors are covered as completely as 
possible in the tables. A great many, however, have distinctive colors which 
are excellent guides to their identity. A good example of this class is azurite. 
The color listed in the tables is of the unweathered material, but the general 
appearance must also be taken into consideration. 

Streak 

The powder of a mineral often has a color which is different from that of the 
solid, which aids greatly in its identification. This color is called the streak 
and may be obtained by noting the color of the ground mineral, by scratch- 
ing the surface or by drawing the specimen over a piece of unglazed porcelain 
known as a streak plate. This leaves a streak or chalk-like mark of the min- 
eral powder. An example of the value of the streak is found with the mineral 
hematite, which may l>e steel gray, red or black in color but in which the streak 
is always red or brownish-red. 

Luster 

The luster of minerals depends on their ability to reflect light and is a valu- 
able aid in their identification. The designations for luster, with the symbols as 
used in the tables, are as follows: 

Metallic, M: looks like metal; as galena. 

Sub-Metallic, Sm: not so brightly metallic in appearance. 

Adamantine, A: appeeu-s hard and brilliant; as diamond. 

Sub*- Adamantine, Sa: not as brilliant as adamantine. 

Vitreous, V: looks like glass; as quartz. 

Sub-Vitreous, Sv: not as glassy appearing as vitreous. 
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ReBinous, R: looks like resin; as sphalerite, often called '‘tosm jack/’ 

Pearly, P: Iridescent like the inside of a sea shell. 

Greasy, G: apiDcars to be covered with a thin film of grease or oiL 

Silky, S: looks as though made of silk threads. 

Dull, D, and Earthy, E: are degrees of luster and are usually applied to 
such substances as kaoline, chalk and clay. 

Cleavage 

Cleavage is the tendency of a mineral to break parallel to certain planes. 
The type recorded in the tables occurs on at least one of the faces and is the 
best that is found on any of them. The different types of cleavage and theii 
designations as used in the tables are as follows: 

Eminent, E: is applied only to such cleavage as is obtained with the micas. 

Perfect, Perf : is obtained very easily, as in calcite. 

Distinct, Dist. or Good: is obtained readily but not as easily as Perfect. 
Arsenopyrite is an example. 

Imperfect, Imperf. or Fair; arc more difficult to obtain than Distinct. 
Pyrrhotite is an example. 

Difficult, Diff. or Poor: are obtained with difficulty and are usually evi- 
dent only in traces, as in bornite. 

Fracture 

The fracture is the type of surface obtained by breaking other than along 
a cleavage plane. Under this heading in the tables will be found the fracture 
characteristics in most cases, but as this is not reported in many minerals, 
other descriptive properties, such as brittle, granular, fibrous, etc., are also 
included in this column. 

The designations for fracture and the abbreviations as used in the tables are 
as follows : 

Gdnchoidal, Conch: the surfaces are curved like the inside of a shell, as 
in quartz and glass. 

Sub-Conchoidal, Subconch: somewhat curved but not as distinctly as 
conchoidal, as in wulfenite and argentite. 

Even: the break is smooth and quite flat, as in galena. 

Uneven: the surfaces are even for only small spaces, as in arsenopyrite. 

Hackley: the surface is pointed and rough, as in silver and copper. 

Splintery: breaks into splinters and fibers, as in jadeite. 

Earthy: breaks to pieces, as dirt or clay. 

Crystal Systems 

All crystalline substances form solids with definite molecular arrangements. 
The minerals crystallize from vapors, water solutions and fusions and, if these 
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processes continue unhindered, bodies form with faces having dehnite rela- 
tionships to one another and to hypothetical lines known as axes. The num- 
ber of these and their relationship to each other is the basis of the crystal 
systems which are divided into six main subdivisions, depending on the num- 
ber, length and inclination of these axes. They are the isometric, tetragonal, 
hexagonal, orthorhombic, monoctinic, and tridlnic. These are further 
divided into a total of thirty-two sub-groups. The distinguishing character- 
istics of each group are as follows : 

The Isometric system has three axes of equal length intersecting one an- 
other at right angles. Examples: galena, garnet. 

The Tetragonal system has three axes intersecting one another at right 
angles. Two, which are of equal length, are considered the lateral axes; the 
third is the vertical axis and may be either longer or shorter than the other 
two. Examples: zircon, rutile. 

The Hexagonal system has four axes. The three lateral ones are equal, 
intersect one another at 60°, and are at right angles to the vertical axis, which 
is of a different length. Examples: quartz, beryl. 

The Orthorhombic system has three axes intersecting one another at 
right angles, but no two are the same length. Examples: sulfur, barite. 

The Monoclinic system has three axes. The vertical one and one lateral 
axis (the one running from the front to the back) arc oblique to each other, 
but the transverse lateral axis is at right angles to both the others. Examples: 
gypsum, orthoclase. 

The Triclinic system has three axes, all oblique to one another. Ci^'^stals 
of this system are symmetrical to a central point only. Examples: chalcan- 
thite, albite. 

The field of crystallography is a study of its own and cannot be covered here. 
For further information consult any good textbook on the subject. 


Index of Refraction 

The index of refraction for a substance is the ratio of the velocity of light in 
a vacuum to its velocity in the substance. It is a function of the substance and 
the light st)urcc and is a constant. 

The minerals are divided into the following three general classes: The Iso- 
tropic group, which has only one value (n) for the index of refraction. This 
group includes those minerals which crystallize in the isometric system and 
the amorphous substances. The Uniaxial group, which has two values (omega, 
CD and epsilon, e). This group includes minerals of the hexagonal and tetrago- 
nal systems. The Biaxial group, which has three values (alpha, at, beta, jS, and 
gamma, 7). This group includes the minerals which crystallize in the ortho- 
rhombic, monoclinic, and triclinic systems. 

The index of refraction given in the table is “n" for the isotropic group, 
omega for the uniaxial group and beta for the biaxial group. In those cases 
where there was a variation in the deported value the ± was added. 
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CHAPTER II 

Ultra-Violet Light in Mineral Fluorochemistry* 

Ultra-violet rays, also known as “black light,’’ have found a very definite 
place in the mineral sciences during the past several years. The branch of 
science which treats of the relationships between ultra-violet and other kinds 
of radiation and minerals is known as mineral fluorochcmistry. Theoretical 
and academic interest along this line began to develop before the turn of the 
century. However, this branch of knowledge has only recently been widely 
recognized as of the greatest importance in almost every type of earth science. 

Ultra-violet rays cause certain minerals to glow or release their own light 
— a phenomenon called fluorescence — and this emission of “cold light’’ has 
proven of decided value in the detection and identification of many minerals 
and ores. Though there are limitations in the use of ultra-violet light, as only 
a few important, economic minerals fluoresce, the simplicity and expediency 
of this agent have demonstrated that a fluorescence test is essential in all pros- 
pecting as well as in mining, sorting, grading and milling of certain ores. Its 
greatest usefulness is in the identification of schcelitc, zircon, hydrozincite, 
willeraite, mercury and petroleum. Other minerals which may or may not 
fluoresce are agate, aragonite, barite, benitoite, calcite, chalcedony, coleman- 
ite, fluorite, hyalite, semi-opal, powellite, .selenite, sphalerite, wernerite, etc. 

There are many instances of undiscovered values in mining properties that 
have been worked for certain ores, .such as gold and silver, and the rock which 
did not carry the gold and silver values was thrown on the dump. In a num- 
ber of cases the supposedly worthless rock has been proven to contain greater 
values in scheelite, an ore of tung.sten, than the gold values actually contm'ned 
in the ore which was milled. 

In the Chuckawalla Mountains near the Imperial Valley of California, 
some miners tunneled into the side of a mountain for 350 feet. The gold values 
did not prove profitable and the property was abandoned. During the ru^ 
for new tungsten deposits, which occurred during the war, the dump at this 
property was examined by a prospector with an ultra-violet lamp. .He found 
a section which contained many specimens of high grade scheelite. Inside the 
tunnel he found that an 8 foot vein, which carried from 1 to 2% of scheelite, 
had been cut 105 feet from the entrance. Further investigation disclosed that 

•Written by ThomaB S. Warren, president of Ultra-Violet Products, Inc., Los Angeles,; 
Calif. The plates used in illustrating this chapter were furnished through the oaurtesy 
that oompany.f 
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the vein reached the surface above the tunnel. Possession of the property was 
secured and profitable operations commenced. 

There is another story of a man who broug^ht in a truck load of attractive 
rock from^the desert for garden decoration. Several years after the rock had 
been installed in his garden he examined them with ultra-violet light and 
found they contained profitable percentages of scheelite. He immediately 
retraced his steps to the location from which the rock came and laid out his 
claims. 

The largest producer of tungsten in the United States during the war was 
the Yellow Pine Mine in Idaho. This property has been worked for gold, and 
vanadium and further development was being investigated by the U. S. Geo- 
logical Survey. It was while extensive core drilling was going on that scheelite 
was discovered by fluorescent analysis of the cores. Further work by means of 
core drilling disclosed a tremendous ore body and this was developed into the 
big producer. 

In Montana there is the record of a mine which was a marginal producer of 
copper. A U. S. Government engineer was investigating the property and as 
a matter of routine inspection used an ultra-violet lamp for examination of 
the walls of the various tunnels. He unexpectedly discovered scheelite in 
several veins which had been cut. This information was given to the owner 
and a profitable tungsten producer was developed. 

A great many other properties have been opened up in the United States 
after prospecting with an ultra-violet lamp. The listing of such properties 
would be very extensive. The more important locations include those near 
Essex, California; Beaver, Utah; Shoshoni, Wyoming; Winnemucca, Nevada; 
and the Fresno- Porterville section of the Sierra Nevada Mountains in California. 

Sources of Ultra-Violet Radiation 

One natural source of ultra-violet rays is sunlight. IHtra-violet rays are in^ 
visible and are shorter than the visible ones. When the sun’s rays are passed 
through a quartz prism, the white light is separated into the various colors 
of the spectrum: red, orange, yellow, green, blue, violet and indigo. There arc 
rays still longer than the red, which are invisible, and are the wave lengths 
responsible for heat effects. They are termed 'infra-red" rays. At the other 
end of the visible spectrum are the invisible "ultra-violet" rays. They are 
"cold" (have no appreciable heating effect) and have a chemical action (ac- 
tinic effect) on the cells of the body. They form Vitamin D and create tan. 

The wave lengths of light rays are not measured in yards, feet or inches, 
but by a very small unit of measurement known as the Angstrom Unit, which 
is about four billionths of an inch. This unit is not one of intensity or amount, 
but is a measurement of the wave length; and the wave length determines the 
nature and effects of the radiation. The infra-red rays of the sun lie between 
25000 and 8000 Angstrom units. The visible ra>'s are between 8000 and 4000 
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Angstrom units in length. The ultra-violet rays are between 4000 and 3000 
Angstrom units. The rays at 8000 Angrstom units have a red color; longer 
ones are invisible. Rays at 4000 Angstrom units are violet and shorter .mies 
are invisible. Rays at 3000 Angstrom units are chemically active. They also 
excite a fluorescent effect on some minerals. They are called the 'long'" ultra- 
violet rays. The ^ ‘short’’ ultra-violet rays are not found in sunlight which 
reaches the earth, but can be produced only from artificial sources such as the 
quartz lamps which emit short, energetic rays located at about 2500 Angstrom 
units. They form vitamin D, cause sunburn, kill bacteria and excite fluores- 
cence in a wide range of minerals. It is this ability of short ultra-violet rays to 
create fluorescence which makes them so valuable in the mining industry. 

There are several sources of ultra-violet radiations. The quartz lamp 
equipped with a special filter, which screens out the visible* light and permits 
transmission of the short rays, the 
iron arc, the germicidal lamps, and 
some others. 

Some prospectors have attempted 
to construct an ultra-violet lamp from 
an ordinary flashlight by using a special 
filter in front of the bulb. While this 
filter may be successful in screening out ^ 
visible radiations, it does not produce g 
the short waves necessary for the de- H 
tcction of certain important minerals, s 
The result is the complete inability to g 
fluoresce the minerals for which search P 
is being made. The long ultra-violet 3 
rays will not cause fluorescence of any ^ 
mineral of commercial importance, ex- 
cept certain uranium ores and petro- 
leum. 

Figure 9 shows the wave length 
range for the cold quartz, black light 
lamp. Inside the quartz tube there 

is a mixture of the rare gases argon, g § §” § § 

helium and neon. A small drop of | 3. 

mercury is also added. When the 8 S 

gas is ionized by an electric dis- WAVE LENGTHS IN ANGSTROM UNITS 
charge, the mercury radiations at g ^Uni-Violet Wave Length, Graph. 
2540 Angstrom units greatly predom- 
inate over all other wave lengths. Actually 89,8% of the total emission 
is located at this particular wave band. It is this high efficiency in the short 
ultra-violet wave length region which accounts for the ability of the quarts 
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lamp to produce fluorescence of scheelite and other valuable ores. The Mazda 
lamp bulbs and many other sources do not produce ultra-violet wave lengths 
short enough to be effective for the fluorescent analysis of minerals. It is, there- 
fore, easy to understand that even with the filter placed in front of such lamps 
the results are negative, since the filter does not generate the correct wave 
length but only screens out conflicting visible light. In general it may be said 
that a filter is only as good as the light source it is designed to be employed 
upon. Hence, a filter which passes short wave lengths is useless if the lamp to 
which it is attached does not create the short waves. 

There are two bulb types of lamps which produce a fluorescent effect on 
certain minerals. These are the Argon bulb and the so-called 50-hour black 
light lamp. The ultra-violet radiations from these are of the long wave length 
type which cause the fluorescence of a few minerals. The use of the home made 
flashlight with filter or either of the bulbs is ineffective when searching for 
economic minerals. Those using these wave lengths will find them of no 
value at all in the search for tungsten ore. Their value lies only in' the fluo- 
rescence of such non -commercial minerals as wernerite, dakeite, curtisite, a 
few semi-opals, calcites and some willemites. 

The wave lengths of the ultra-violet radiations emitted by the spark be- 
tween iron electrodes lies between 4270 and 2100 Angstrom units. Scheelite 
will fluoresce brilliantly under light from this source, but for best results a 
filter is required to shut out the large amount of visible light. 

Fluorescence and Phosphorescence 

Ultra-violet and other forms of light are ordinarily thought of as a continuous 
stream of energy. The undulatory characteristic, which the mind usually 
associates with light, has another attribute which must l3e considered before 
a true explanation of fluorescence can be developed. This other profxirty is the 
real connecting link between all forms of light energy and the manner in which 
atoms capture or absorb, and give out or emit energy. It is known that light 
energy can be absorbed or emitted only in small though discrete packets called 
quanta; not, however, ns a continuous and unbroken stream of light waves, 
as is commonly believed. These packets, or quanta, exhibit the properties of 
a wave, hence the convenient method of measuring them by their wave length. 

All minerals, like all other matter, are composed of atoms, each of which 
consists of a core with one or more electrons revolving about it, as in a miniature 
solar system. The electrons are particles having a negative charge. The core 
or nucleus, which is made up of one or more heavier particles, has a positive 
charge. Ultra-violet quanta entering this atom strike in some instances the 
cloud of electrons, and the p^kets of light energy are taken up by the indi- 
vidual electrons. Those which take up this energy of the light quanta have 
their total energy content increased and jump outward from their normal 
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orbits. Usually they remain away for only a minute fraction of a second and 
then release their excess, previously captured energy and return to their normal 
state. 

The act of capturing quanta of light energy by electrons is called excitatioii. 
In this case the ultra-violet light is the excitant. The act of releasing quaiita 
is called luminescence, or light emission. When the release of packets of energy 
occurs immediately after they have been taken up or absorbed, the lumines- 
cence is known as fluorescence. In fluorescence, the glow or light emission takes 
place only as long as the ultra-violet light is on the mineral and ceases as soon 
as the lamp is shut off. If the electrons have taken up much energy and have 
been driven completely away from the parent atom, they may wander about 
for consid/^rable periods of time before dropping into the normal orbit of some 
atom, not necessarily their own, and may in addition be subject to a number 
of other ini'uences peculiar to the matter itst^lf. Wandering electrons, however, 
eventually arop back into their normal energy state, releasing energy as light. 
This is called phosphorescence, for it is a light release which goes on for some 
time after the ultra-violet light has been removed. 

The cause of fluorest:ence in many minerals is due to some impurity. For 
instance, most forms of calcite do not fluoresce, but if a small amount of man- 
ganese is present it will serve as an activator and cause the calcite to fluoresce 
red. The hue and brilliance of the color will vary with the percentage of the 
manganese present. The calcite from Franklin, New Jersey will fluoresce red 
when amounts of manganese are present, varying from 1 to 5%, with 3.5% 
giving the most brilliant result. More or less docs not act as an activator and 
there is no decided fluorescence. Uranium salts in various rocks will have the 
effect of an activator, but in such cases the fluorescence will be green or yellow- 
green. 

There are many instances where it is difficult to determine the cause of 
mineral fluorescence. Not all activators have been identified. In some cases 
the fluorescence may be due to a variable molecular arrangement or peculiar 
crystallinity. The entire subject of mineral fluorescence is so new that in only a 
few cases are the reasons for the resf)onsc to ultra-violet light fully understood. 
A mineral may be listed as fluorescent, while actually the fluorescent part may 
be only a coating of a fluorescent nature, or a responsive mineral may be present 
as a mixture or disseminated inclusions through the mass. Mineral specif 
from one locality may fluoresce, while identical ones from another locality may 
not. Variations may also appear in minerals from the same locality. General 
characteristics, however, usually remain the same. 

Prospecting and Mining 

Scheelite. As scheelite may vary considerably in color, aiid may be white; 
gray, yellow, green, orange, reddish or brown, in ordinary white light.it is very 
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difficult to distinguish from certaiii gangue minerals such as quarts, epidote, 
carbonates and some lime silicates. Under the influence of the shorter wave 
lengths of ultra-violet light all scheelite will fluoresce. Without the help of the 
ultra-violet lamp it is extremely difficult to locate because of the. wide variety 
of rock in which it occurs. This is illustrated in plates 1 and 2. Ordinarily it is 
found close to a limestone-granite contact, but because it is so similar in ap- 
pearance to the rock in which it may be found every type of ore should be 
carefully examined with a lamp. 

The fluorescent colors which indicate the presence of scheelite are blue, 
blue- white, cream and golden yellow, as shown in plates 5, 4, and S. The pure 
form fluoresces a bright blue, plate 6. The crystals are hard and the edges 
well defined. The appearance of the ore in daylight may be white or orange- 
gray, but the blue- white color under ultra-violet light indicates the lack of 
impurities. 

Scheelite usually forms in small, crystals disseminated through the rock. 
These vary in size from that of a pin head to a silver dollar. Sometimes it forms 
n solid veins, stringers or chunks, but the small disseminated spots are the 
most common, as shown in plate 7. Some types fluoresce a white color. This 
ore contains a very small amount of molybdenum, and if the fluorescent areas 
are hard and well defined the ore can usually be conssidered of good commer- 
cial quality. If the crystals are soft and can be powdered with the fingernail, 
it usually indicates a high percentage of lime and the assay for tungsten will 
probably be low. 

The golden yellow fluorescence is a definite indication of some impurity. 
Usually this is molybdenum, but it may be copper (cupro-scheelite), iron, 
manganese or other elements. The combination of calcium tungstate and cal- 
cium molybdate is most frequently found. This ore contains Powellite and may 
or may not have commercial value. If calcium tungstate predominates, the 
crystals will be hard, with well defined edges and apparent depth. If the fluo- 
rescent spots smear upon nibbing or powder under the pressure of the thumb 
nail or are more of a coating than well defined cr^^stals, it is likely that the 
amount of tungsten present is small or lacking. All scheelite which fluoresces 
yellow should be checked by assay much more carefully than that which is 
blue or blue-white. A great many profitable mines are operating on golden 
yellow scheelite because the amount of the impurity is small, but the yellow 
color does indicate an impurity which must be carefully checked and analyzed 
before development of the property. 

The U. S. Geological Survey has developed a scheelite fluorescence analyzer 
card by which it is possible to determine the percentage of molybdenum on a 
comparative basis with known samples. This card, Fig. 10 provides a simple 
and relatively accurate means of making this determination. They are manu- 
factured and sold under a licensing agreement. 

Occasionally a form of calcium carbonate will fluoresce a blue-white and 
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Overlooked in ore examined under ordinary 
light, crystals of valuahh sdmlite . . . 

fluoresce clearly, disiineily and hriliianHy un-‘ 
der ultra-violel rays. 

Plate 1 

Plate 2 



Crystals pf ralcium Unigstate. Yellcnv mdi- These ratks illusirale large Sckeeliie crystal 
Cutes impurities. {CaHfornia and Neiada.) formatims in chantcterisHc calors. 

Idaho, Caltfarnia.) 


Pi.ATK .■? 


Plate 4 








A valuahU sample amtainitifi WUlemile {zinc 
silicak) — green and rMlrik — red. ( Franklin ^ 
N. J.) 

Plate 9 


Typical specimen of ‘wernetHe — a complex 
silicate rock. iOnUirio, Camida.) 

PlA'ie 10 



Calrite sample, which glows like live coals of 
fire." {Ari^ona.) 


Plate 11 





©LTIUL^yiOIJET MINERAL FLUOSOCHEMESTRV 

resemble: ^efelite closelyt but it is usually pale and does not have same 
liister. It is oft^ in the form of a coating, has the appeaiance of a fihergtmn^ 
substance and lacks crystal structure. Sometimes it is phosphor^cent khd this 
definitely proves it cannot be scheelite. In a few rare cases ciilcium carbonate 
has a golden yellow color which is similar to some schedite, but in these cases 
it is soft and smears upon rubbing. 



Fig, 10. Scheelite Fluorescence Analyzer Card. 


The filter on the ultra-violet lamps passes a very small amount of blue- 
purple light. This is reflected from the rock that is being examined and will 
be a dark purple or blue that varies according to the natural color of the rock. 
A white one will reflect blue; a dark one will reflect purple. This reflection 
should not be confused with fluorescence. Scheelite never fluoresces green, 
red or pink. Also it has no apparent phosphorescence; fluorescence disappears 
instantly when the ultra-violet light is turned off. 

Other Valuable Ores and Minerals. Another valuable ore which fluo- 
resces is hydrozincite. This is frequently associated with smithsonite. It al- 
ways fluoresces a soft blue but can easily be distinguished from scheelite as it 
is a soft, light weight mineral, and the fluorescent ore is usually, but not always, 
in the form of a coating. 

Black sand very often contains small bright orange fluorescent grains. Th^ 
are zircon. They are a brighter orange than scheelite and usually appear as 
grains, so are easily distinguishable. Zircon is one of the most frequently over- 
looked of all fluorescent values? It is rather easy to distinguish because of its 
weight and orange fluorescence. Whenever found it can be confirmed by cfaemK 
cal tests and its value should be carefully checked by assay. 

In a number of mining properties that are being worked for gold, silver, 
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etc. I it has been found that there is a fluorescent hyalite associated with the 
valuable ore. The hyalite itself is^not of commercial value, but because of its 
association with the values in these particular properties the miners have found 
the lamp of very great assistance in enabling them to stay on the vein where 
the non-fluorescent but valuable ores are located. 

In some properties it is advisable to use the fluorescent lamps which pro- 
duce the long wave lengths as well as those giving the short ones. There are 
fluorite deposits which respond to either of these wave lengths, and in such 
cases the fluorescent analysis of the ore has proven very profitable, as by the 
use of these two types of ultra-violet light differentiation is obtained. 

Sorting Ores 

The sorting lamp is suspended over a conveyor belt in a darkened room. 
Fig. 11. By means of the fluorescence the ores are easily sorted so that only 
those of a pre-determined value reach the mill. Waste rock and pieces with a 
high amount of impurities are discarded. The ultra-violet light is of value at 
scheelite mines and in sorting willeniite, zircon, hydrozincite, tremolite and 
steatite talc. 



Fig. 11. Sorting Ore. 


Black Light for Mineralogists and Collectors 

The most vivid and beautiful fluorescent minerals in the world are the wille- 
mite and calcite rocks of New Jersey, shown in plates 8 and 9. 
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Willemite is a zinc silicate and has a bright green fluorescence. It is mined 
extensively for its zinc content. The calcite is frequently a gorgeous red. These 
brilliant colors are unsurpassed for beauty and their most teautiful shades 
are brought out fully by the quartz ultra-violet lamps. Another mineral which 
fluoresces beautifully is wernerite, shown in plate 10. 

The most frequent fluorescent response found in mountains and deserts of 
the United States is green. The green glow may be bright or dull. Usually 
it is in seams or as a coating and is generally a hyalite opal, chalcedony or 
altered quartz, or a calcite that is stained with a small amount of a uranium 
salt. None of these rocks have a commercial value and may be passed over 
when searching for valuable ores. 

Many forms of calcite fluoresce. The colors are usually orange or red, some 
bright, some pale in color. Plate 11 illustrates the brilliant red fluorescence of 
the Arizona calcite, which is a mixture of calcite and a manganese salt and 
"glows like live coals of fire.” A few calcites fluoresce blue. Many will phos- 
phoreke and hold their glow for a considerable time after the ultra-violet 
light has been turned off. In one or two rare instances they have resembled 
scheelite, but by a careful examination for crystal structure and hardness the 
difference can usually be determined. If there is doubt, chemical tests and an 
assay are always advisable. 

Fluorescent microscopy offers inviting and worthwhile results in many fields 
of research. New applications for the short ultra-violet rays are opening up in 
the study of micro-crystals, mineral slabs and polished surfaces of all sorts. 
An entire new' field in chemical microscopy is opened when ultra-violet ex- 
amination is used. Many specific crystalline substances upon which identi- 
fication is based in microchcmical reactions are fluorescent or react charac- 
teristically in ultra-violet light. 

Testing for Mercury- The presence of extremely small amounts of mer- 
cury in cinnabar or other ore can very easily be determined with the short 
ultra-violet rays, a willemite screen, and small flame for heating the substance 
to be tested. 

The willemite screen is made by grinding pure willemite to a very fine pow- 
der and painting it on a wooden board by means of a suitable binder. The 
result is a surface which is very sensitive to the short ultra-violet wave lengths, 
Fig. 12. 

The quartz lamp is practically a monochromatic source of ultra-violet light. 
This radiation is the wave length of 2540 Angstrom units, called "mercury 
resonance radiation.” Willemite is particularly sensitive to this wave length ' 
and fluoresces brilliantly under its action. 

The simple directions for testing for mercurj^ are as follows: 

1, The sample of rock to be tested should be in small pieces or ground. 

2. Place these half way between the ultra-violet lamp and the willemite 
screen. (The space between each should be three or four inches.) 
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3. Heat the ore over a flame. An alcohol or gas flame is suitable in the labo- 
ratory. In the field a blowtorch is best, but in many cases a candle or stove 
will suffice. 

As the sample is heated, the mercury will be driven off as an invisible vapor. 
This vapor, however, completely absorbs the ultra-violet rays creating dark 
shadows on the otherwise brilliantly fluorescent willemite screen. Very small 
quantities of mercury will completely absorb the rays and cause dense shadows. 
The appearance is that of black clouds of billowing smoke similar to that from 



Fig. 12. Willemite Screen. 

a heavy oil fire. If ordinary smoke passes in front of the screen it is visible to 
the eye and casts only a slight shadow, as ultra-violet light will partially pass 
through it. The mercury vapor cannot be seen and the shadow is very dark. 

Since very small quantities of mercury vapor will completely absorb the 
rays and cause dense shadows on the screen, the test is not reliable for quanti- 
tative work. Many operators, however, have worked out relationships between 
ore samples and the volume of shadows so that for these particular mines they 
can approximate the different percentages in the ore. This can come only from 
experience. The test is so sensitive that quantities as small as l/100C»th of 1% 
of mercury can be detected. This method is reliable, for no other vapor ab- 
sorbs ultra-violet rays as effectively as mercury vapor under comparable 
conditions. 

Examination of ore in place can be carried out by using a blowtorch and 
willemite screen. The blowtorch generates enough heat to vaporize the mer- 
cury and the screen will show the shadows. Many tunnels, as well as outcrops, 
have been tested by this method. Use should be made of the high degree of 
sensitivity of this test to determine leaks in retorts and milling equipment. 
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In many cas6^ the leaks may not be of commercial importance. Howev^, as 
mercury vapor is quite poisonous, they can all be found and, if serious, the 
proper steps instituted to correct them. 

Ultra-Violet in Bead Tests. Most of the rare earths and many 
elements of high atomic order produce fluorescence of a comparatively high 
degree of brightness in inert bases, even in exceedingly small amounts. This is 
especially true of uranium salts. As little as 0.001 microgram of some ele- 
ments is detectable by their fluorescence. The spectro^opc is needed for the 
fullest appreciation of such a test. Manganese, chromium, nickel and some 
other elements may exert an activating effect on many compounds and the 
fluorescence produced contains characteristic bands which can lead to iden- 
tification of small amounts of these salts. 

In bead testing certain elements may suppress the fluorescence and others 
may promote it. As little as 0.2 parts per million of nickel in zinc-sulfide- 
copper-phosphor reduces the emission characteristics appreciably. Copper is 
universally present as an activator in zinc sulfide. Thulium in sodium fluoride 
has a yellow fluorescence, while in calcium oxide it has a slightly different 
fluorescent response. Europium in Salt of Phosphorous beads fluoresces a deep 
red. The presence of uranium salts causes the bead to fluoresce a strong vivid 
lemon-yellow. This is particulars^ true of the sodium or jx^tassium fluoride 
beads on a platinum wire. Borax bead tests can also be used but are not as 
satisfactory as with the fluorides. 


Fluorescent Minerals 

The use of the short wave quartz ultra-violet “black light" lamp will cause 
fluorescence or phosphorescence in the following minerals. In some cases the 
activating factor has been identified, but in many it is still unknown. 

Agate; Widely distributed, but specimens from only a few localities fluoresce. 
The activator in the green fluorescent specimens is probably some uranium 
salt. 

Albite; Has a phosphorescent response, but specimens show little if any 
fluorescence. 

' Alunlte: That from Marysville, Utah, has a grayish white fluor^ence. 
This is probably due to an activator of some kind which is peculiar to this 
locality, as alunite from other districts does not fluoresce. 

Amazonstone: Specimens from Ne>v York and Virginia show a pale' 
grayish-green fluorescence, but specimens from other districts fail to react. 

Am hqr: Amber in lignite from Texas fluoresces yellow and a specimen from 
Prussia is yellow-green. 

Amethyst: Usually does not fluoresce, but specimens from North Carolina 
and Madagascar fluoresce a deep blue. 
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Anglesite: From Black Hills, South Dakota, and Leadhills, Scotland, fluo- 
resces yellow. 

Anorthoclase: From Franklin, N. J., fluoresces blue. 

Apatite: Is usually non-fluorescent, but specimens from certain localities 
respond. 

Aragonite: Like calcite, is widely distributed and has a wide variety of flo- 
rescent responses. The colors are undoubtedly due to the type of impurity or 
actiyator present. 

Autunite: Has a very strong yellowish green fluorescence. Autunite is often 
seen as yellow coatings on granite pegmatites which carry radium bearing 
minerals. 

Axinite: From Franklin, N. J., fluoresces red. 

Barite: Has a better phosphorescence than fluorescence. Should be exam- 
ined in a thoroughly darkened room. The afterglow is usually pale bluish green. 
Samples from Palos Verdes, California, have a yellowish wdiite fluorescence 
and phosphorescence, while specimens from England have only a bluish green 
phosphorescence. 

Bauxite: From Nadine, Georgia, has a whitish phosphorescence which is 
probably due to some special activator peculiar to the locality, as most other 
specimens fail to react. 

Benitoite: These crystals are found in only one locality in the world; This 
is an isolated section of San Benito County, California. They are blue, but 
the short ultra-violet rays cause a deep and brilliant blue fluorescence that is 
very distinctive. 

Beryl: Cannot be classed as a fluorescent ore. A few cases have been re- 
ported where there were varying shades of green fluorescence, but these are 
not fully corroborated. The fluorescence may be due to some impurity dis- 
seminated throughout the mineral. 

Borax: Often has a greenish blue phosphorescence though very rarely fluor- 
escent. 

Calcite: One of the most spectacular and widely distributed of all fluo- 
rescent minerals. Not all fluoresce by any means, but certain impurities and 
activators cause almost every possible shade of fluorescent color. The calcites 
of New Jersey have a brilliant red color with a transitory deep red phospho- 
rescence. Those from Texas are pink and blue and phosphoresce blue. A great 
variety of colors characterize the California calcites as well as those from most 
of the Western States. In some instances their appearance is very similar to 
scheelite but it is never as brilliant as scheelitc, and usually the granular appear- 
ance distinguishes it from the more crystalline structure of the latter. There is 
a wide variation in the color responses of calcite. 

Calcium Larsenite: A rare mineral from Franklin, N. J., fluoresces a bright 
yellow. 
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Calamine: That froiti Superior, Arizona, has just enough iron and man^ 
ganese to act as activators and. cause it to fluoresce a cream color. 

Gelestite: From Clay Center, Ohio, has a blue-white phosphorescence, 
while specimens from Gembeck, Germany, have a definite blue color. 

Chalcedony: Is fluorescent only when an activator is present. This is 
usually a trace of some uranium salt. 

Glinohedrite: From Franklin, N. J., has an orange and yellow fluorescence. 

Golemanlte: From the Calico Hills and Death Valley regions of California, 
fluoresces white and phosphoresces blue-white. 

Gopalite: From Zanzibar, fluoresces green. 

Crocoite; From Dundas, Tasmania, and the Ural Mountains of Russia, 
fluoresces a dark brown, 

Cupro-Scheelite: Usually fluoresces a yellow with a faint tinge of green. 
It is a calcium tungstate with copper present and is usually quite hard. Cupro- 
scheelite from Milford, Utah, and Plumas County, Calif., fluoresces yellow. 

Gurtisite: Appears in the seams in the quicksilver mines at Skaggs Springs, 
Calif. The fluorescence is a very bright yellow, cream and green. 

Dakeite: The correct mineralogical name is Schroekingerite, but it is more 
readily known to collectors by the former name. It is a hydrated uranium, 
calcium carbonate which fluoresces a strong yellow-green. A large deposit is 
located near Warnsutter, Wyoming, and a small one in Europe. 

Diamond: Less than 15% of those tested shows fluorescence. The cause of 
fluorescence is unknown and definitely has no relation to the quality of the 
crystal. They may be pale blue, pale green, orange or reddish, and these fluo- 
rescent colors are probably due to the presence of a very minute amount of 
some hydrocarbon. Diamonds from Brazil display a higher percentage of 
fluorescence. 

Diaspore: From Chester, Mass., fluoresces pale yellow. 

Dolomite: From several localities, has a fluorescent response which is prob- 
ably due to a hydrocarbon or metallic impurity. 

Dumortierite; From San Diego County, Calif., and Oreana, Nevada, 
fluoresces purple. 

Elaterite: From Utah, has a brown phosphorescence. 

Emeralds: Usually do not fluoresce, but a few stones from Muzo, Columbia, 
Minas Geraes, Brazil, and Emerald Mines, Ural Mountains, Russia, show a 
pale fluorescence. 

Epsomite : From Death Valley, Calif, htis a pale blue phosphorescence. 

Fluorite: The first fluorescent mineral studied; gave its name to the whole 
subject. It is not particularly fluorescent under the short rays, although the 
brown variety from Clay Center, Ohio, and Cumberland, England, are esp)e- 
cially spectacular. From other localities there is a wide variation in the re- 
sponse, most specimens being more vivid under the long wave lengths. 
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Glaubeilte: From Borax Lake, Calif., phosphoresces bluish gray. 

Gypsum: From the saline lak^s of the desert regions of Southwestern 
United States, has marked green fluorescence due to some type of activator. 
From the Grand Rapids, Michigan, area it shows a deep green. From most 
other areas there is a lack of fluorescence. 

Gyrollte: From Bohemia, fluoresces and phosphoresces white. 

Hackmaiiite: From Dungannon Township, Ontario, Canada, fluoresces a 
reddish purple with the short ultra-violet wave lengths and a brilliant orange 
with the long ones. This mineral has the peculiar property known as reversible 
photosensitivity. It is dull gray in ordinary light but after exposure to the 
short ultra-violet wave lengths the mineral changes color to a deep purple. On 
exposure to sunlight this purple color fades away and the mineral regains its 
original color. No other mineral will change its actual color on exposure to 
ultra-violet light. 

Halite: The dry lake at Amboy, Calif., contains a halite that has a beauti- 
ful red fluorescence. Some fluorescent material has precipitated from solution 
along with the halite and causes it to fluoresce these brilliant red shades. 
Halite from a dry lake in San Diego County, Calif., gives the same reaction 
as that from Amboy. 

Hanksite: From Searles Lake, Calif., phosphoresces a light blue. 

Hexagon! te: From Edwards, N. Y., fluoresces red. 

Howllte: From Lang, Calif., fluoresces brown and yellow. 

Hyalite Opal: Is so closely associated with opal that it is described under 
that heading. 

Hydromagnesite: From Lodi, N. J., phosphoresces a light blue. 

Hydrozincite: All true hydrozincites fluoresce a strong. blue, but in a few 
cases this may fade to a cream color with certain impurities. The mineral has 
a comparatively light weight and is soft and powdery. It is easily distinguished 
from scheelite by its general appearance and fluorescence. In a few cases it 
has occurred as small, bright blue spots in a hard matrix, but close examina- 
tion disclosed these spots to be coatings and not the crystal structure which 
would indicate scheelite. 

Inyolte: From Death Valley, Calif., phosphoresces a pale white. 

Kunzite: (Pink sjxxluinene.) From near Pala, Calif., fluoresces a pale yel- 
low to strong reddish brown. It frequently phosphoresces for long periods of 
time. 

Lepidolite: From Keystone, South Dakota, fluoresces a pale green. 

Mangan- Apatite: From Strickland Quarry, Portland, Conn., and also 
from Grafton Center, N. H., fluoresces a beautiful creamy golden color; from 
St. Mary’s Lake, B. C., and Valyermo, Calif., it fluoresces a bright orange 
similar to wemerite, but lighter in color. 

Mercury: Is not fluorescent, but its presence is readily determined with 
the quartz ultra-violet lamp and a willemite screen as previously described. 
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MeyerhoTferlte; From Death Valley, Calif., phosphix^sces a yellow* 
white. 

Nasonlte: From Franklin, N. J., fluoresced blue. 

Opal: The green fluorescent hyalite opal is probably the most commcm 
fluore^ent mineral found in the United States and Canada. It is usually color- 
less or white in ordinary light and fluoresces various shades of green under 
the short ultra-violet light. It is generally found in cleavages and crevices.. 
It sometimes is seen as green spots scattered through granite, lime and odier 
types of rock. The response of hyalite opal is usually due to a slight trace of 
some uranium salt. This explains why the common opal from some localities 
fluoresces and others do not. The best hyalite opal for display purposes comes 
from Stone Mountain, Georgia, and from various Mexican localities. Less 
spectacular specimens are found in almost every mine in the country. The 
best common opal comes from Virgin Valley, Nevada, and some beautiful 
pieces of opalized wood come from Goldfield, Nevada. 

Ozocerite: From Brazil and Persia, fluoresces a yellow-brown. 

Pearls; Often fluoresce, but the fluorescence has no apparent relation^ip 
to their value. Artificial pearls as a rule do not respond, only the native and 
cultured ones. The activator is manganese. 

Pectollte: Has only a slight fluorescence but a very striking phosphores- 
cence. The white, radiating, fibrous variety from Patterson, N. J., Magnet 
Cove, Ark., and Lake County, Calif., show bright splashes of orange, yellow 
and green. 

Petroleum: Most petroleums show a fluorescent response. Oils from dif- 
ferent strata have different shades of color and the color varies with the grav- 
ity. Petroleum products, such as kerosene, paraffin, vaseline, medical oint- 
ments and lubricating oils, also fluoresce. 

Phosgenite: From Monte Poni, Sardinia, has a brownish red or orange 
phosphorescence. 

Powellite: The U. S. Bureau of Mines and Geological Survey state that 
the term "Powellite” shall be given to the mineral calcium molybdate and to 
the double salts calcium molybdate and calcium tungstate as long as the 
amount of calcium tungstate does not exceed the amount of the molybdate. 
The division point between powellite and scheelite, therefore, is the SO-SO 
point of tungsten and molybdenum. Powellite fluoresces yellow, usually is soft 
and powdery. Often it appears as a film over the face of crystals of other molyb- 
denum minerals. It is frequently associated with scheelite and sometimes mis- 
taken for it. Powellite is yellow to greenish yellow by ordinary light. 

Price! te: From Death Valley, Calif., fluoresces yellowish. 

Quartz: Usually does not fluoresce, but quartz tubing made from Brazilian 
quartz has a white phosphorescence. Smoky quartz sometimes shows a browns 
ish yellow response, but the average quartz is negative, except in the cases of 
the varieties of chalcedony and agate already mentioned- 
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Rubelllte: (Pink Tourmaline) From Pala, Calif., and Newry, Maine, fluo- 
resces lavender. 

Ruby: (Red Corundum). Varies in fluorescent quality. Specimens from Siam 
give a weak red, and those from Burma and North Carolina a strong red glow. 
Synthetic rubies are much more brilliant in their fluorescence than the natural 
ones. 

Sas^lite: From Tuscana, Italy, fluoresces blue. 

Satin Spar: (Silky Gypsum). May fluoresce due to the presence of an acti- 
vator. This will vary in districts as well as in specimens. The usual fluorescence 
and phosphorescence is bluish green. 

Scapollte: Is more commonly known as wernerite. For further description 
see Wernerite, 

Scheelite: (Calcium tungstate) is an ore of tungsten, a metal used in harden- 
ing steel for innumerable purposes. Schcelite fluoresces a bright vivid blue. 
It may appear as small crystals scattered through a matrix or as large massive 
chunks and even as vein material varying in thickness from a knife blade to 
several feet. The pure scheelite that fluoresces blue is hard and frequently has 
definite structural lines. The mineral varies in color due to the impurities, 
which are usually varying amounts of molybdenum, 0.05% of which changes 
the color to a fiiint blue; 0,48 gives a white fluorescence, and from 0.96 to 
4.8% gives an increasingly yellow appearance. Amounts of molybdenum 
above 4.8% do not cause an appreciable variation in the color of the fluo- 
rescence. 

The presence of molybdenum in the scheelite has a tendency to soften it. 
Schcelite that fluoresces yellow will be hard if the amount of molydenum is 
low, but if the percentage is high it will be soft, crumble easily and powder 
under the pressure of the fingernail. 

All schcelite fluoresces blue, white or golden yellow. It is never red or green 
and has no apparent phosphorescence. 

The other ores of tungsten do not fluoresce. Wolframite very often has 
scheelite associated with it as a coating around the wolframite or along cleav- 
age lines. 

Selenite: (Clear crystallized gypsum.) Usually has a better phospliores- 
cence than fluorescence. An activator is present as an impurity and causes the 
color which varies as to the locality and specimen. 

Sapphire: (Blue corundum.) Frequently has a yellow-orange to red fluo- 
rescence. This is true of both the natural and synthetic stones, especially of 
the colorless varieties. 

Sodalite: From Moultonboro, N. H., fluoresces orange-red. 

Sphalerite: From Tsumeb, Africa, has a bright orange fluorescence and 
phosphorescence. Very fe% localities produce specimens that give a re- 
sponse. 

Spinel: The red Variety has a bright red fluorescence. Other shades of the 
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mineral usudly do not respond. The red spinel from Ceylon usually gives a 
vivid color. 

Spodumene: From Portland, Conn., sometimes phosphore^es a deep red 
which is quite persistent. 

Strontianlte: From California, Germany and England, has a slight bluish* 
green fluorescence and phosphorescence. 

Terlinguaite: From Terlingua, Texas, fluoresces yellow. 

Thaiimasite: From Patterson, N. J., phosphoresces white. 

Topaz: Does not usually react, but a few specimens have shown fluores- 
cence. Specimens from Schiieckenstein, Germany, give a slight green color. 

Trona: From Searlcs Lake, Calif., fluoresces blue and phosphoresces a light 
blue. 

Taurmaline: Only the light yellow shades exhibit fluorescence and these 
in only a slight degree. 

Uranium Salts and Minerals: Uraniam is responsible for the fluorescence 
of a great many minerals. The characteristic color produced by uranium salts 
is a lemon yellow or light green. It is probably the salts of this element, acting 
as activators, which cause the fluorescence of most hyalite opals, many forms 
of chalcedony and some calcites. 

The following list of the better known uranium minerals show practically 
identical fluorescent qualities. They arc all secondary uraninites with little or 
no commercial value but may appear as a coating on more valuable ores, and 
this may be used in locating and mining the other ores. 


MIxVERAL 

FLUORESCENCE 

Autunite. 

Yellow -green. 

Beta-Uranopilite, 

Yellow-green. 

Beta-Uranotil. 

Yellowish. 

Chalcolite. 

Yellow-green. 

Gummite (variable). 

Violet, 

Johannite (variable). 

Yellow-green. 

Meta-Torbernite. 

Yellowish-blue 

Schroeckingerite (dakeile). 

Green. 

Torbernite. 

YelloAv-green. 

Uranocircite. 

Yellow-green. 

Uraniferous hyalite. 

Yellow-green. 

Uranophane. 

Yellow-green 

Uranopilite. 

Yellow-green. 

Uranospathite. 

Yellow-green. 

Uranothallite. 

Green. 


Zippeite. 


41 



CHEMICAL ANALYSIS OF MINERALS 

Wavelllte: From Mt. Holly, Pa.,»ha5 a blue fluorescence and phosphores- 
cence, 

Wemerite: Has a bright yellow fluorescence, easily distinguishable from 
uranium minerals by the experienced eye. It is popular specimen material. 

Wlllemlte: Is one of the brightest and most spectacular of all fluorescent 
minerals. It is one of the many zinc ores mined in New Jersey. Willemite fluo- 
resces because of the presence of manganese which serves as an activator; when 
this impurity is absent it does not react. Various amounts of the activating 
material create different shades of green, with 1% to 5% giving the brightest 
fluorescence. Some specimens also phosphoresce brilliantly. 

Wltherite: From Hexham, England, fluoresces yellow. 

Wollastonlte: Is occasionally responsive to the short ultra-violet rays. 
This is due to an activator. The ore from quarries near Riverside, Calif., has a 
beautiful blue-green fluorescence and golden-yellow phosphorescence. Speci- 
mens from Pennsylvania and Alaska show the same response. 

Zlppeite: A mineral formed by the alteration of pitchblende. Gives a strong 
yellowish-green fluorescence. 

Zircon; Is variable in its response to ultra-violet rays. It is found in the 
black placer sands of California, Oregon, and Idaho, as small, clear crystals 
which fluoresce a bright orange. Samples of sand from Montana, North Caro- 
lina, Wyoming and Ontario, Canada, also show the presence of zircon crystals. 
Specimens from Brazil have shown the same bright orange color. The effect 
is believed to be due to the presence of the rare element hafnium. 
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CHAPTER III 

Mineral Chemistry 

Some elements occur in the earth’s crust in much greater amounts than 
others. Oxygen is the most abundant, composing 46.46% of all rocks. Silicon 
is next, with 27.61%. Since silicates contain both of these elements, we can 
naturally expect the great majority of the minerals to be silicates. Aluminum, 
8.07%, and iron 5.06%, are the most plentiful of the metallic elements and 
since the silicate radical is acid in character and iron and aluminum are basic, 
the result is that the great majority of silicates contain iron or aluminum, or 
both. Next in abundance comes calcium, 3.64%; sodium, 2.75%; potassium, 
2.58%; magnesium, 2.07%; titanium, 0.62% and hydrogen, 0.14%. These 
ten elements comprise 99% of all the minerals and rocks of the earth’s crust. 
As there are 92 chemical elements, this means that the other 82 comprise only 
1% of the rocks and minerals. 

There are only a few naturally occurring acids which form compounds stable 
enough to persist for any length of time, so that, in general, minerals consist 
of a relatively few classes, most of which are listed below. 

Classes of Minerals 

Silicates: As pointed out above, silicates are the most abundant of all rock 
forming minerals and are encountered almost everywhere. The great majority 
contains the more plentiful metals mentioned above, but silicates of all but a 
few of the metals exist in nature and with the combinations possible it is easily 
realized that the number and forms of this type of mineral must be very great. 
According to Clarke, Data of Geochemistry, silica, Si02, comprises about 
60.0% of the earth’s crust. 

Carbonates: These come next in abundance, carbon dioxide, CO 2 , com- 
prising about 0.70% of the lithosphere. As with silica, the great majority of 
it is combined with the most plentiful metals, of which calcium and magne- 
sium are the most common and abundant. Great masses of limestone, and 
dolomite are found at many places on the earth. 

Sulfides: This class of compounds differs from the two above in that few of 
the very abundant elements form stable compounds with sulfur. Iron is the 
only exception. The great majority of the metallic ore minerals 'Such as galena 
and sphalerite belong to this class. 

Oiddes: This class of minerals consists of a combination of a metal with 
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oxygen. Many of the ore minerals arc of this nature. Iron in the form of hemd-^ 
tite, magnetite and limonite are good examples. 

Halides: Halides are those minerals in which the metal is combined with 
chlorine^ bromine, iodine, or fluorine. The chloride is the most common and 
abundant and is best represented by sodium chloride (halite) which is very 
common, especially in arid regions. 

Sulfo Compounds, Sulfates, and Phosphates: These are compounds 
encountered quite frequently in nature, with chromates, vanadates, tungstates, 
titanates, etc., representing relatively few minerals. There are, of course, other 
rare compounds and combinations, but the great majority of the minerals 
fall into one of these classes. 

Elements: A few of the elements occur uncombined, especially those known 
as the Noble metals, gold, silver, platinum, etc. Others, however, not of this 
class, are also found in the free state as, for instance, sulfur. 

Chemical Formula 

The chemical formula of a substance can be determined from the chemi- 
cal analysis. Thus, if one knows the percentage com[X)sition, he will be able to 
write the formula. This is best illustrated by examples. We will assume that a 
substance has been analyzed and found to contain 63.52% of iron and 36.48% 
of sulfur. The next step is to find how many symbol weights of each element 
are present. This is done by dividing the percent of iron by the atomic weight 
of iron, which is 55.84; thus: 63.52/55.84 = 1.137. The same is done with 
sulfur, with the result that: 36.48/32.06 = 1.137. By dividing the answers ob- 
tained by the lowest one wc get the number of each symbol or atomic weights 
represented in the compound. In the above example it is 1 in both, so the 
atoms of the elements are in the ration of 1 to 1, and the formula is FeS. 

Another example is as follows. Chemical analysis gave: 27.09% Na, 16.50% 
N and 56.41% O, By dividing these results by their respective atomic weights 
we get: 27.09/23.00 = 1.175, 16.50/14.00 = 1.175, and: 56.41/16.00 = 3.526. 
Dividing these results by the lowest number we get: 1.175/1.175 = 1; 1.175/ 
1.175 = 1; 3.526/1.175 = 3. Thus it is seen that there is 1 atom of sodium, 
1 of nitrogen and 3 of oxygen, so the formula must be NaNOs. These num- 
bers do, not always come out exact integers, due to the inaccuracies of the 
analysis, but they are close enough so there is no doubt of the number of atoms 
.of each element present. 

The percentage composition of a substance may be determined by re- 
versing the above process. If, for instance, we wish to know the theoretical 
percentage of copper in chalcopyrite we proceed as follows. The chemical 
formula is CuPeS 2 , which means that there is 1 atomic weight of copper, 1 of 
iron and 2 of sulfur in each molecule. Referring to the table of chemical ele- 
ments we find that the atomic weight of copper is 63.57, of iron 55.84, and of 
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sulfur 32.06, Adding these together in the proportion they exist in the mole- 
cule we have: 

1 X 63.57 = 63.57 

1 X 55.84 « 55.84 

2 X 32.06 = 64.12 
Weight of molecule = 183.53 

Dividing the weight of copper by the weight of the entire molecule and mul- 
tiplying the result by 100 we get the percent of copper, thus: 63.57/183.53 = 
.3463 X 100 = 34.63% copper. 


Reagents for Qualitative Chemical Analysis and 

Blowpiping 

A number of the chemicals listed are for special tests and are not necessary 
for a field kit. The term dry reagent means it can be carried as a solid. 

Acetic Acid, HC2H3()2: purchased in the concentrated state and diluted as 
required, 1 volume to 2)^ volumes of water. 

Acetone, CHgCOCHg: used as purchasc^d. 

Alcohol, C2H5OH: 95% ethyl alcohol. 

Ammonium Acetate, NH4C2H3O2: use a saturated solution. 

Ammonium Carbonate, (NH4)2C03, (ordinary smelling salts): dry re- 
agent, dissolve 20 grams in 35 ml of cone NH4OH and dilute to 100 ml mth 
water. 

Ammonium Chloride, NH4CI (salammoniac): dry reagent, dissolve 27 
grams in 100 ml of water. 

Ammonium Hydroxide, NH4OH: purchased in the concentrated state 
and diluted as required, 1 volume to 2 of water. 

Ammonium Molybdate, (NH4)2Mo04, reagent: mix 10 grams of M0O3 
with 40 ml of distilled water and 8 ml of cone NH4OH. When solution is com- 
plete, pour slowly with constant stirring into a mixture of 40 ml of cone HNO3 
and 60 ml of wMter. Let stand in a warm place for several days. Decant or 
filter before using. 

Ammonium Oxalate, (NH4)2C204-2H30: dry reagent, dissolve 4 grams 
in 100 ml of water. 

Ammonium Phosphate, (NH4)2HP04: dissolve 5 grains in 100 ml of 
water. 

Ammonium Phosphomolybdate Paper: made by impregnating'filter 
paper with the phosphomolybdic acid reagent, holding over the ammonia 
bottle for a time, drying and cutting into strips. The paper will keep well in a 
stoppered bottle in the dark. 

Ammonium Sulfide, (NH4)2S: saturate 60 ml of NH4OH with H2S gas 
and dilute to 100 ml with cone NH4OH. 
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Ammonium Sulfide (Yellow), (NH4)2S*; dissolve 5 to 7 grams of sulfur 
in 100 ml of the colorless ammonium sulfide. 

Ammonium Sulfocyanate (Thiocyanate), NH4SCN: dry reagent, dis- 
solve 4 grams in 100 ml of water. 

Ammonium Tartrate, (NH4)3C4H406: 20% solution, dissolve 16 grams 
of tartaric acid in water, make alkaline with NH4OH, boil to remove the ex- 
cess NH4OH and make up to 100 ml with water. Used in testing for scandium. 

Aqua Regia: make as required by mixing 3 volumes of cone HCl and 1 
volume of cone HNO3. 

Barium Chloride, BaCl3-2H20: dry reagent, dissolve 6 grams in 100 ml of 
water. 

Barium Hydroxide, Ba(0H)2*8H20: dry reagent, dissolve 6 grams in 100 
ml of water. 

Benzidine Reagent: dissolve 0.05 grams of benzidine base or hydrochloride 
in 10 ml of cone acetic acid, dilute with water to 100 ml and filter. 

Bismuth Flux: same as iodide flux. 

Bone ash: ground, calcined bones, used in making cupels for gold and silver 
assaying. 

Borax, Na2B4O7-10H2O: dry reagent, used for fusions and bead tests. 

Borax Glass: made by fusing borax in an iron crucible and grinding. Used 
in assaying. 

Boric Acid, H3BO3: use a saturated solution. 

Boric Acid Flux: made by grinding together 4 parts, by weiglit, of KHSO4 
and 1 part of CaF2. 

Bromide Flux: Grind together 1 part by weight of KBr, 1 part of KHSO4 
and 2 pfirts of sulfur. 

Bromine, Br: Used for making HBr, Handle with care. Very corrosive and 
causes bad burns. 

Calcium Carbonate, CaCOs: use the precipitated form. Sodium group test. 

Calcium Hydroxide, (slaked lime), Ca(OH)2: dry reagent. Use a saturated 
solution. 

Carbon Disulfide, CS2: used as a sulfur solvent. 

Chlorine Water: made by dropping cone HCl on pota.ssium permanganate 
(KMn04) crystals and passing the resultant chlorine gas through wat(?r to 
saturation. 

Chromate Flux: grind together 1 part by weight of K2Cr04, 1 part of 
KHSO4 and 2 parts of sulfur. 

Cobalt Nitrate, Co(N03)2*6H20: dry reagent. Dissolve 7 grams in 100 ml 
of water. Used in charcoal and plaster tests. 

Cupric Oxide (copper oxide), CuO: dry reagent, powdered malachite will 
serve instead. 

Di-ammonium Phosphate: see ammonium phosphate. 

Dimethylgloxime: dissolve 1 gram in 100 ml of ethyl alcohol. 
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Dl-sodimn Phosphate: see sodium acid (Di-sodium) phosphate. 

Ferric Ghloridej FeCl3'6H20: dissolve 1 gram in 100 ml of water. 

Ferrous Sulfate (copperas) FeS04-7H20; dry reagent, use a saturated 
solution. Add a few scraps of metallic iron and a few drops of sulfuric acid from 
time to time, 

Hydrobromic Acid, HBr: made by passing H2S through a water solution 
of bromine till the red color of the bromine disappears. 

Hydrochloric Acid, HCl: purchased in the concentrated state and diluted 
as required, 2 volumes to 3 of water. 

Hydrofluoric Acid, HF: in ctTcsin bottles. Difficult to carry as it dissolves 
glass and dangerous as it attacks the flesh causing bad bums and sores that 
heal slowly. 

Hydroiodic Acid, HI: made by passing H2S through water containing 
iodine crystals till they disappear. 

Hydrogen Peroxide, H2O2: use* the 3% solution as purchased. 

Hydrogen Sulfide, H2S: a convenient dry generator is made by melting 1 
j:)art by weight of paniffin and while still liquid, mixing in 3 parts of finely 
ground flowers of sulfur. This can be carried as a bicjck and shaved off and put 
into a pyrex test tube fitted with a rubber stopper and delivery tube. On heat- 
ing, H2S is evolved. Care must be taken that the delivery tube does not become 
plugged as this may cause the apparatus to explode on heating. An H2S genera- 
(or for using ferrous sulfide and HCl (1 part HCl to 1 of water) may be pur- 
chased from chemical supply houses. 

Hydrogen Sulfide Water; this may be made by passing H2S through water 
to saturation. It should be kept in a tightly stoppered bottle. Used for drop 
tests where only a small amount of H2S is required. 

Iodide Flux: made by grinding together 1 part by weight of KI, 1 part of 
KHSO4 and 2 parts of sulfur. 

Iodine, 1 : crystals, used in making HI and alcoholic iodine. 

Iodine, Alcoholic; dissolve 5 grams of iodine in 100 ml of ethyl alcohol. 

Lead Acetate, Pb(C2H302)2*3H20: dryr reagent, dissolve 10 grams in 100 ml 
of w'ater. 

Lead Acetate Paper: made by moistening strips of filter paper in the lead 
acetate solution and drying. Keep in a stoppered bottle. Used for the detection 
of H2S which turns it brown to black. 

Litmus Paper; used for the detection of acidity or alkalinity. Acids turn blue 
litmus red and alkalies turn red litmus blue. 

Magnesium Ribbon, Mg: a handy form of metallic magnesium. 

Manganese Dioxide, Mn02: dry reagent. 

Mercury (metallic), Hg: used in amalgamation tests. 

Nitric Acid, HNO3: purchased in the concentrated state and diluted as 
required, 1 volume to 2 of water. 

Oxalic Acid, H2C204'2H20: dry reagent, use a saturated solution. 
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Paraffin: ordinary para wax that is used for sealing fruit jars. 

Phosphomolybdic Acid: dissolve 1 gram of phosphomolybdic acid in 100 
ml of water. 

Potassium Bicarbonate, KHCO3: dry reagent. 

Potassium- Bismuth Iodide Reagent: heat to boiling 1 gram of Bi203 and 
5 grams of KI in 5 ml of water and add this a little at a time to 25 ml of glacial 
acetic acid. 

Potassium Bisulfate (Potassium Acid Sulfate), KHSO4: dry reagent. 

Potassium Chlorate, KCIO3: dry reagent. 

Potassium Chloride, KCl: dry reagent. 

Potassium Chromate, K2CK')4 or Potassium Dlchromate, K2Cx2(h: 
dry reagent, dissolve 5 grams in 100 ml of water. 

Potassium Cjranide, KCN : dry reagent, dissolve 5 grains in 100 ml of waLur. 
Very poisonous. 

Potassium Ferricyanide-Lead Acetate Reagent: mix 10 ml of a satu- 
rated solution of potassium ferricyanide with 10 ml of a saturated solution of 
lead acetate and filter. 

Potassium Ferrocyanide, K4Fe(CN)ti: solid reagent, use a saturated 
solution. 

Potassium Hydroxide, KOH; solid reagent, dissolve 28 grams in 100 ml 
of water. 

Potassium lodate, Reagent: dissolve 10 grams of KfOa in a mixture of 
33 ml of cone HNO3 and 66 ml of water. 

Potassium Iodide, KI : dry reagent, dissolve 8 grams in 100 ml of water. 

Potassium Nitrate, KNOg: solid reagent. 

Potassium Nitrite, KNOg; solid reagent. 

Potassium Permanganate, KMn04: solid reagent, used in producing 
chlorine gas. 

Potassium Thiocyanate (Potassium Sulfocyanate), KSCN: dissolve 10 
grams in 100 ml of water. 

Quinalizarine: use a saturated solution in ethyl alcohol (0.020 grams in 
100 ml). 

Salt of Phosphorous (Microcosmic Salt), HNaNH4P04'4H20: solid re- 
agent used in bead tests. 

Silver Nitrate, AgNOa : dissolve 4 grams in 100 ml of water. Keep in a dark 
colored bottle. 

Slaked Lime (Calcium Hydroxide), Ca(OH)2: dry reagent. 

Sodium Acid (Di-sodium) Phosphate, Na2HP04>12H20: dry reagent, 
dissolve 6 grams in 100 ml of water. 

Sodium Carbonate, Na2C03, or Bicarbonate (baking soda) NaHCOg: 
both referred to as "Soda”; used for fusion and bead tests. 

Sodium Chloride (common salt), NaCl: dry reagent, used in assaying and 
bead tests. 
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Skidium Hydroxide (ordinary lye), NaOH: dissolve 20 grams in 100 ml of 
water. 

Sodiutn Hypochlorite, NaOCl: made by passing chlorine gas through a 
solution of sodium hydroxide. 

Sodium Meta-Phosphate, NaPOg: dry reagent. 

Sodium Peroxide, Na2()2: dry reagent; keep in a tightly sealed can. 

Sodium Phosphate, see sodium acid (Di-sodium) phosphate. 

Sodium Sulfate, Na2S04: dry reagent. 

Sodium Sulfide Reagent, Na2S — Na2S2: made by dissolving 48 grams of 
Na2S*9H20 and 4 gi ains of NaOH in water, adding 1.6 grams of sulfur, shaking 
till tlie sulfur is dissolved and diluting to 100 ml with water. 

Sodium Sulfite, Na^SOs; dry reagent. 

Sodium Thiosulfate, Na2S203*SH20 (ordinary photographers "hypo’*): 
dry reagent. Dissolve 12.4 grams in 100 ml of \vat(ir. 

Stannous Chloride, SnCl2: dissolve ll.S grams of SnCl2*2H20 in 17 ml of 
cone HCl and make to 100 ml with water. Keep in bottles containing a strip 
of metallic tin. 

Starch Paper: make by moistening strips of filter paper in starch boiled in 
water. 

Sulfur, S: finely ground or flowers of sulfur; dry reagent. 

Sulfur Dioxide, SO2 : prepared by dropping a mixture of 1 part cone H2SO4 
and 3 parts water into a concentrated solution of Na2S()3. 

Sulfuric Acid, H2SO4: purchased in the concentrated state and diluted as 
required, 1 volume to 6 of water. In making this dilution pour the acM into the 
water and not vice versa. 

Tartaric Acid, H2C4H4O6: dissolve 50 grams in water and make up to 
100 ml. 

Test Lead, Pb: pure granulated or filings. Used in assaying. 

Tin, Sn: pure granulated, or tin foil will serve. Used as a reducing agent. 

Tumeric Paper: Used in testing for boron and zirconium. 

Zinc, Zii: pure granulated, or the metal parts of flashlight batteries will 
serve. Reducing agent. 


CONCENTRATED REAGENT.S 



SI*. GR. 

PER CENT 

BY WEIGHT 

APPROXIMATE 

CONCENTRATION 

Acetic acid, glacial 


99.5 

17 N 

Acetic acid 


80.0 

ISN 

Hydrochloric acid 

1.19 

37.9 

12 N 

Nitric Acid 


69.8 

16 N 

Phosphoric acid 


85.0 

ISN 

Sulfuric acid 


96.0 

36 N 

Ammonium hydroxide 


28.0 

15 N 
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Afparatus 

The list below contains a number of items that are convenient but not abso- 
lutely essential. If a field kit is being prepared, the larger and less important 
pieces may be omitted. 

Anvil: a small block of steel, 2'' x 2" x 1", for breaking samples. 

Asbestos Thread : a piece from asbestos string or rope parking will serve. 

Beakers: a nest of 100 ml down to 5 ml is very convenient. 

Bunsen Burner: if gas is available; a Candle or an Alcohol Lamp will 
serve. 

Charcoal Slabs: these come in sizes of 4" x 1" x and 4" x 2'' x 1". 

Filter Paper: to fit the funnels. 

Filter Stand: if working in a laboratory. 

Flask: about 250 ml, fitted with a 2 hole rubber stopper; for a wash bottle. 

Forceps: a platinum tipped and another cheap iron pair are needed. 

Funnels: 2 short-stemmed, about l}/ 2 ' in diameter. 

Glass Rod; several pieces about 6” long and in diameter. 

Glass Tubing: a piece of hard glass in diameter for open tube tests, 
and a piece of diameter soft glass for making the wash bottle, H 2 S genera- 
tor, etc. 

Graduated Cylinders: 1-50 ml and 1-10 ml 

Hammer: a small one for breaking samples. 

Lens: one of about 1'' to focal length and a magnification of about IS 
diameters, gives good results. 

Magnet; or magnetized knife-blade. 

Merwin Color Screen. 

Mortar and Pestle. 

Plaster Tablets: made by making a paste of Plaster-of-Parls with water, 
smoothing it out on glass in a layer about thick and cutting it into 4" x 1" 
pieces before it hardens. 

Platinum Foil: a thin piece about l"x 1" is a convenient size. 

Platinum Wire: about 27 gauge and 3" long. I'his is fused into a piece of 
glass tubing or rod and is used for making bead tests. 

Porcelain, or better, Silica Dish: about 2" in diameter. 

Ring Stand: if working in a laboratory. 

Spot Plate: of white glazed porcelain. 

Streak Plate: a piece of unglazed porcelain will serve. 

Test Tubes; about six 3'' x for general use and one 6" x 5^", fitted with 
a one-hole rubber stopper, for an H 2 S generator. 

Test Tube Holder or Clamp; for holding test tubes over the flame. Ordi- 
nary spring clip clothespins do very well. 

Teat Tube Rack: can be made by boring holes in a block of wood and cut- 
ting away a portion of the front so the tubes can be seen. 
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Tongs, Crucible: of steel or brass. 

Triangle: tiichrone, about across. 

Watch Glasses: 3 or 4 about 2'' in diameter; old spectacle lenses will serve 
very well. 

Wire Gauze: about 4" x 4". 

Charcoal Sticks 

The charcoal blocks purclijised from chemical supply houses are consumed 
quite rapidly but may be made to give much longer life by soaking them in 
sal soda (ordinary washing soda, Na 2 CO 3 * 10 H 2 O). This leaves the sticks w^hite 
but on heating the soda soaks into the charcoal and does not interfere with 
the reactions. If these blocks of charcoal are not available, charcoal sticks 
may be made by taking a small splinter of wood, such as a match stick, soak- 
ing it in a melted crystal of sal soda and holding in the flame until the soda 
has penetrated the wood. A charcoal stick made in this way will give long 
service and most of the oxidizing and reducing reactions on charcoal can be 
carried out on it very satisfactorily. 


The Portable Laboratory 

Those who wish to make mineral analyses where laboratory facilities are 
not available should have a carrying case in which most of the essential re- 
agents and apparatus can be kept and transported. To assist in the construc- 
tion of this, a set of detail drawings, Figs. 13-19, of a portable laboratory is 
given. The laboratory portrayed is quite convenient and has been found very 
satisfactory after s(*veral years of use. The general idea in its design is to have 
reagents and equipment available in a convenient form for cromplete tests. 
This does not mean, however, that everything one may use occasionally can 
be included, for no matter how large the kit is made there will always be 
something else that will be desired for some special purix)se. 

To those accustomed to reading construction blueprints, the drawings will 
be self explanatory, but to others they may seem quite a puzzle. An endeavor 
will therefore be made to interpret them and to give advice and suggestions 
as to the best method of carrying on the work. 

The blocks for the trays must first be built. This is done by glueing the 
boatds together with the grain of each succeeding one running at right angles 
to its neighbor. This gives a block of wood that will not warp and has great 
strength. The drawings show these blocks built of basswood. However, if bass- 
wood is not available, a good grade of soft pine, free from knots, may be used. 
The covering of plywood gives an excellent finish to the blocks and also 
strengthens the outer edge. A water-proof or water resistant glue, such, as 
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FlO* 13. Portable Laboratory, Completely Assembled. 
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Fig. 14. Portable Laboratory, Drawing, Tray No. 1. 
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Fig. 15. Portable Laboratory, Drawing, Tray No. 2. 
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Fig. 16. Portable Laboratory, Drawing, Tray No. 3. 
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Fig. 17. Portable Laboratory, Drawing, Tray No. 4. 
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Fig. 18 . Portable Laboratory, Drawing, Bottom of Case. 
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Fig. 19. Portable Laboratory, Drawing, Top of Case. 
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Casein glue, should be used, and the glueing should be done with heavy pres- 
sure. Before starting to drill the holes, the glueing of the blocks for all the trays 
should be completed, except that the layer of plywood on the bottom off! tray 
is not put on until after the drilling has been done. 

In laying out the holes, the figures inside the circles are used. These desig- 
nate the distance of the center from the left side in the "X” direction and from 
the bottom in the “Y” direction. The center of hole “A” at the lower left- 
hand corner of tray #1 is 1%" from the bottom and also 1%" from the left 
side. The first line of “D*' holes at the left of the drawing is from the left 
side and the lowest one is 4%^' from the bottom, the next 5^^" from the bot- 
tom, etc. The row of “B’* holes at the extreme right are from the left 
side of the drawing and the first one is 3^g" from the bottom, the next 
from the bottom, etc. 

The hole-centers are laid out on the bottom side of the block for the #1 tray, 
the bottom layer of plywood having been left off. The blocks for trays #2, #3 and 
#4 are complete with all plyw^ood glued on. The bltx^k for tray #2 is placed 
upside down and the one for #1 tray is placed upside down on it. This puts the 
side with the hole layout on it facing upward. The two blocks are carefully 
lined up and firmly clamped together. Three or four of the “F*’ holes (%") 
are drilled through both blocks until the point of the bit starts through the 
#2 block. They are then turned over and the holes finished from the opposite 
side. This procedure is used on all holes that pass completely through a block, 
as a smoother hole and less tearing of the wootl results. Seven sixteenth inch 
dowels (rods of wood) are inserted through these holes and are used to keep 
the blot'ks in line during the remainder of the drilling. The guide holes should 
pass through all four trays. 

With the blocks lined up and the dowels in place, the holes can be bored. 
The diameter of the various holes, “B.” etc. is given on the drawing. 
The trays are designed to carry specific equipment, and as glass containers vary 
considerably in size it is best to have at least a few of each type at hand and to try 
for size, depth, etc. before boring the holes. 

The drilling is carried out as before, except that the bit is allowed to barely 
pass through the first block and to mark the hole-center on the block below. 
The holes are finished from the opposite side as directed above and are carried 
on into the second block as required. After all the holes in the #1 tray are com- 
pleted, the bottom plywood, which forms the bottom of the tray may be glued 
on. In drilling the holes, a much better job can be done if a drill press is used, 
as it is very difficult to make jxjrpendicular, parallel holes by hand. 

The §2 tray has hole.s on the lower side, the centers of which exactly corre- 
spond to those in tray #1 and wall be marked if the operations were carried out 
as outlined above. These are drilled to the depth designated in the drawing of 
tray §2. In the center of the sketch at the bottom of the drawing, which is a 
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View of the underside of the tray, there are concentric circles, “C3'* the inner 
one, and “B6*’ the outer one. The “Bd" part is first drilled 1%" diameter and 
deep, then continued with a bit to a total depth pf 2^". The other 
holes are bored the size and depth designated in the drawing. The upper 
sketch of the drawing of tray #2 gives the layout for the top of the tray. 

In the drawing of tray #3 the lovrer sketch is of the bottom of the block and 
shows the extensions of the holes from the block below. The sketch above is 
of the top of the tray and shows, along with the hole arrangement, the box- 
like recess that is made by gouging and cliiseling out the block. Tray #2 also 
has one of these, shown at the upper edge of the top .sketch. 

In the drawing of tray #4 the same scheme is carried out, the lower sketch 
portraying the bottom and the upper one the top view. In this tray most of the 
wood has been removed to give a box effect, it being left as indicated only 
where the equipment in the tray below extends up into the bottom of tray #4. 

After all drilling and chiseling lias been completed, all parts are thoroughly 
sanded and the blocks are ready for finishing, the first step of which is to make 
the wood as acid and chemical resistant as povssible. A good acid resistant worxl 
stain, in common use on wooden tops of laboratory tables, is made and ap- 


plied as follows: 

SOLUTION §1 

SOLUTION #2 

125 grams of copper sulfate. 

150 grams of fresh analine oil. 

125 grams of potassium chlorate. 

180 grams of concentrated hydrocloric 

1000 milliliters of water. 

acid. 


1000 rnillilcters of water. 


To the clean, sanded wood apply two coats of #1 .solution boiling hot, with a 
paint brush, allowing each coat to dry thoroughly. Then apply two coats of 
solution ?f2 in the same way. When the wood has eompletcly dried, wash off 
the excess chemicals with hot .soapsuds and again allow to dry. The blocks can 
then be finished by giving them several coats of linseed oil or lacquer. The 
carrying case is now built and finished in conventional manner. 

As glass bottles and jars are to be carried, it is best to have a cushion effect 
on both the bottom and top of the liquid containers. Corrugated rubber mat- 
ting, such as is commonly used in aisles and hallways, cut to fit, makes a very 
good pad for the bottom, and sponge rubber is excellent for the top of the 
glass stoppered bottles, for it can be made of such thickness as to keep the 
stoppers in place without fear of breakage. 

The contents and location of the equipment of the Microlab, all on a small 
scale, are as follows; 
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Tray #1 


iim TT 

NUMBER OF 

SIZE AND DESCRIPTION 


ARTICLES 

A 

B 

4 

9 

8 oz glass stoppered bottles. 

1 oz screw top bottles. 

C 

D 

21 

21 

1 oz glass stoppered bottles. 

4 dram vials. 

E 

4 

2 dram vials. 



Tray §2 

E6 

23 

4 dram vials. 



Tray #3 

A1 

Note that tliese are 21^" in diameter for a depth of J'g" on the 
bottom of the block and 13 ^ 2 ^' through the remainder of the 
block. They receive the top of the bottles in the "A” holes of 

A3 

tray #1. 

4 

Porcelain crucibles, #00000, #000, #0 and 1 iron cru- 
cible, made of stainless steel, for fusions which can- 

B2 

1 

not be made in porcelain (not a purchased item). 

12S ml flat bottomed flask for a wash bottle. 

C2 

D7 

2 

1 

25 ml Erlenmeyer flasks. 

Funnel 1" top diameter. 

Note that the hole for this is the diameter of the top 

E2 & D4 

1 

of the funnel only deep enough to receive it, the 
remainder of the hole being the size of the stem. 
Cupel mould as shown in the drawing under “Assay 
of Gold and Silver.” 

F2 

G2 

HS 

16 

6 

1 

1 

6 

Test tubes %’* diameter by 3" long. 

The tops of the holes should be widened enough to 
allow the flange of the tube to go down flush. 

Iron ix\stle to go with the mortar which goes into the 
rectangular opening at 1 (not a purchased item). 

3 oz tin Scimple cup to hold small filter paper. 

Low form Griffin beakers with lip. 5, 10, 20, 30, 50 & 



100 ml. 

These beakers all fit one within another forming a 

J6 

1 

"nest.” 

Push top type can for sodium peroxide. A small 
paint or similar can may be used but should be 
well coated with paraffin in and out and kept 

L2 

1 

tightly closed. 

2 oz alcohol lamp. 
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Tray #4 ■ 

This tray, as well as the box<like recesses in trays #2 and is used to carry 
such miscellaneous equipment as Merwin screen, streak plate, small casserole, 
evaporating dishes, tweezers, crucible tongs, s(;t of hardness minerals, larger 
filter papers, plumbers candle, plaster and charcoal slabs, and magnet. 

The set is designed to use the ordinary glass stoppered bottles for liquids. 
Drops from these can be readily obtained by first loosening the stopper, grasp- 
ing the body of the bottle in the hand and the stopper between the first and 
second finger. By tilting the bottle and working the stopper in and out with 
the fingers, drops are obtained as desired, using only the one hand. Regular 
dropping bottles may be obtained. Three or four of them for strong acids and 
ammonia are quite convenient and can be kept at the permanent place where 
most of the work is done. 

The portable hydrogen sulfide generator gives good results and is used quite 
extensively. (Cartridges are supplied by chemical houses.) However, it is not 
quite as convenient as one using ferrous sulfide and hydrochloric acid in which 
the gas is always readily available. Hydrogen sulfide is used a great deal, and 
the liquid type generator should be used where most of the work is carried on. 
One may be devised, or the Kipp generator may be purchased from chemical 
supply houses. However, they are somewhat expensive, the smaller size 
costing about ten dollars. 

A suggested list of reagents to be carried in the kit is given below. 


IN TJJE EIGHT OUNCE BOTTLES 


Distilled water. 

Alcohol. 

Hydrochloric acid (cone). 

Ammonium hydroxide (cone). 

IN THE ONE OUNCE 

SCREW TOP BOTTLES 

Sodium carbonate. ' 

Gold, silver flux. 

Salt of phosphorous. 

Borax glass. 

Iodide flux. 

Potassium bisulfate. 

Bromide flux. 

Ammonium chloride. 

Chromate flux. 

Borax. 

IN THE T>VENTY-ONE GLASS STOPPERED BOTTLES 

Hydrochloric acid (cone). 

Ammonium hydroxide (cone). 

Nitric acid (cone). 

Ammonium molybdate reagent. 

Sulfuric acid (cone). 

Ammonium oxalate reagent. 

Acetic acid (cone). 

Ammonium sulflde. 
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IN THE TWENTY-ONE GLASS STOPPERED BOTTLES — Continued 


Ammonium sulfide (yellow). 

Oxalic acid. 

Barium chloride. 

Potassium chromate. 

Cobalt nitrate. 

Potassium iixlidc. 

Dimeth^dglyoximc. 

Sodium hydroxide (use a rubber 

Di-ammonium phospliate. 

stop[Xifr). 

Hydrogen ixiroxide. 

Sodium sulfide reagent. 

Lead acetate. 

Silver nitrate- 


In the 48 vinls most of the olhor reagents can Ix" carried in sufficient quan- 
tities for a great many analyses. 

All glass stop[)crs should be coated witli Vaseline or stop-cock grease; strong 
caustics such as sodium and potassium hydroxide solutions should be kept 
closed with a rubber stopfXT, as the glass is likely to stick. The top tray, and 
spaces in trays §2 and #3 provide ample room for all the remaining equipment. 
A one-half size specific gravity balance may be included if desired. 

The containers may be labeled in a number of ways, but using the ordinary 
adhesive label is probably the simplest. If these are used it iwS necessary to 
I)rotect them. 'I'hey should be written on in India ink, pasted on, and after 
thoroughly drying, coated with melted ijaraffin, a saturated solution of paraf- 
fin in benzene, or a solutioJi of ordinary tooth brush handles in acetone. If 
well protected, they are very satisfactory and give long si^rvire. 


The Chemical Elements 


NAME 

.SYMBOL 

ATOMIC WT. 

NAME 

SYMBOL 

ATOMIC WT. 

Actinium 

Ac 

227. 

Chlorine 

Cl 

35.457 

Alabamine 

Ab 

221. 

C'hromium 

Cr 

52.01 

Aluminum 

AI 

26.97 

Cobalt 

Co 

58.94 

Antimony 

Sb 

121.76 

Columbiura 

Cb 

92.91 

Argon 

A 

39.944 

Copper 

Cu 

63.57 

Arsenic 

As 

74.91 

Dysprosium 

Dy 

162.46 

Barium 

Ba 

137.36 

Erbium 

Er 

167.2 

Beryllium 

Be 

9.02 

Europium 

Eu 

152.0 

Bismuth 

Bi 

209.00 

Fluorine 

F 

19.00 

Boron 

B 

10.82 

Gadolinium 

Gd 

156.9- 

Bromine 

Br 

79.916 

Gallium 

Ga 

69.72 

Cadmium 

Cd 

112.41 

Germanium 

Ge 

72.60 

Calcium 

Ca 

40.08 

Gold 

Ail 

197.2 

Carbon 

C 

12.01 

Hafnium 

Hi 

178.6 

Cerium 

Cc 

140.13 

Helium 

He 

4.003 

Cesium (Caesium) Cs 

132,91 

Holmium 

Ho 

164.94 
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The Chemical EhmiEms — Continued 


NAME 

SYMBOL 

ATOMIC WT. 

NAME 



Hydrogen 

H 

1.0080 

Rhenium 

Re 

HI 

Illinium 

11 

146. 

Rhodium 

Rh 

wgm 

Indium 

In 

114.76 

Rubidium 

Rb 

mSm 

Iodine 

I 

126.92 

Ruthenium 

Ru 

101.7 

Iridium 

Ir 

193.1 

Samarium 

Sm 

150.43 

Iron 

Fe 

55.84 

Scandium 

Sc 

45.10 

Krypton 

Kr 

83.7 

Selenium 

Sc 

78.96 

Lanthanum 

La 

138.92 

Silicon 

Si 

28.06 

Lead 

Pb 

207.21 

Silver 

Ag 

107.880 

Lithium 

Li 

6.940 

Sodium 

Na 

22.997 

Lutecium 

Lu 

174.99 

Strontium 

Sr 

87.63 

Magnesium 

Mg 

24.32 

Sulfur 

s 

32.06 

Manganese 

Mn 

54.93 

Fantalum 

Ta 

180.88 

Mercury 

Hg 

200.61 

Tellurium 

Te 

127.61 

Molybdenum 

Mo 

95.95 

Terbium 

Tb 

159.2 

Neodymium 

Nd 

144.27 

Thallium 

TI 

204.39 

Neon 

Ne 

20.183 

Thorium 

Th 

232.12 

Nickel 

Ni 

58.69 

Thulium 

Tm 

169.4 

Nitrogen 

N 

14.008 

fin 

Sn 

118.70 

Osmium 

Os 

190.2 

ritanium 

Ti 

47.90 

Oxygen 

0 

16.000 

Tungsten 

W 

183.92 

Palladium 

Pd 

106.7 

Uranium 


238.07 

Platinum 

Pt 

195.23 

Vanadium 

V 

50.95 

Phosphorous 


30.98 

Virgin! um 

Yi 

224. 

Polonium 


210. 

Xenon 

Xc 

131.3 

Potassium 


39.096 

Y tterbium 

Yb 

173.04 

Praseodymium 

Pr 

140.92 

Yttrium 

Y 

88.92 

Protoactinium 

Pa 

231. 

Zinc 

Zn 


Radium 

Ra 

226.05 

Zirconium 

Zr 

91.22 

Radon 

Rn 

222. 





Didymiuiii — mixture of Neodymium and Praseodymium. 
Niobium (Nb) — Columbium. 

Glucinum — Beryllium. 

Niton — Radon. 

Cassiopeium — Lutecium. 

Celtium — Hafnium. 
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CHAPTER IV 

Tables of Chemical Reactions 

It is often ix)ssible to make a few simple chemical tests that give indications 
as to the chemical nature of the mineral, thus greatly assisting in making the 
final identification. To simplify this procedure as much as possible, tables of 
a number of the more common minerals have lx.'en prepared. There are four 
of these tables, based on the solubility of the minerals in acids. These tables 
are intended for use in conjunction with the mineral identification tables as 
outlined below. 

Table A includes those minerals which are partially or completely soluble 
in hydrochloric acid. 

Table B includes those minerals which are not soluble in hydrochloric 
acid but dissolve in nitric acid. 

Table C includes those minerals which arc not soluble in hydrochloric or 
nitric acids but are at least partially decomposed and dissolved by sulfuric 

acid. 

Table D includes minerals not attacked by any of the common acids. 

In order to make chemical te;sts on these, fusion with soda or potassium bi- 
vsulfate is necessary. 

The use of this method of grouping the minerals tends to throw substances 
of a similar nature together. In table A Avill be found the water soluble and 
most of the carbonate, jihosphate, sulfate and borate minerals, and a great 
number of the less stable silicates. In Table B are the majority of the heavy 
metallic sulfides, while Tables C and L) consist rnOvStly of silicates. 

After making the specific gravity and hardness determinations and referring 
to the mineral tables, it Avill be vseen that the specimen can be one of only a few 
minerals. The chemical nature of thcvse different possible minerals should be 
noted and kept in mind during the chemical testing that follows. All tests 
should be made on fresli, unweathered material. 

Soluble in Hydrochloric Acid. A small amount of the finely ground 
mineral is filaced in a test tube and a few drops of water added. If solution 
does not occur, add an equal amount of concentrated hydrochloric acid and 
boil if necessary. If still insoluble, double the volume by adding concentrated 
hydrochloric acid, and boil. If complete or partial solution is obtained by any 
of these treatments, the mineral belongs in Table A. Dilute the concentrated 
acid treatment with an equal volume of water, filter off any residue, and test 
the clear filtrate. 
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Soluble in Nitric Acid. If solution was not obtained in the treatment with 
hydrochloric acid, a fresh sample is treated in a test tube with concentrated 
nitric acid, boiled if necessary. Solution even with the deposition of a sub- 
stance places the mineral in Table B. Dilute with twice its volume of water, 
filter off any residue or precipitate and make the tests on the clear filtrate. 

Soluble in Sulfuric Acid. If the mineral was not dissolved by either the 
hydrochloric or nitric arid treatments a fresh sample is treated with concen- 
trated sulfuric acid, boiled if necessary. Solution with the deposition of silica, 
or only partial decomposition, places the mineral in Table C. 

Not Attacked by Acids. In this group are the minerals that are unaltered 
by treatment with the common acids. In order to test these for their chemical 
constituents they must be put into solution by means of fusions. 

Fuse the finely ground mineral with four times its volume of soda on char- 
coal. Note any metallic beads formed, color and character of any sublimates, 
and color of the fusion. Dissolve the fusion in nitric acid, evaporate to dryness, 
moisten with concentrateil nitric acid, add water, boil and filter. The silica is 
left behind on the filter paper and the metals pass through into the filtrate. 
This treatment will decompose the silicates, sulfides, chlorides and sulfates, 
converting the latter into sulfides. On treatment of the soda fusion wdth arid 
it will be seen if the mineral is still unaffected. If this is apparent it is probably 
one of the oxides, corundum, chromite, cassiterite, or bauxite, etc. 

Chemical Tests 

The few simple tests applied indicate the acid radicals and*some of the com- 
mon metals in groups, and are carried out as follows: 

(Note any reaction during the process of solution. Carbonates effervesce; 
gases are given off by some manganese and sulfur compounds; certain ele- 
ments give colored solutions, such as iron, copper, nickel, manganese, chro- 
mium, cobalt, vanadium and uranium.) 

1. Sodium Carbonate Bead Test. Treat a speck of the mineral in the 
soda bead on the platinum loop with the oxidizing flame. Effervescence indi- 
cates a silicate; manganese will color it green; chromium colors it yellow. Crush 
the bead on a silver coin and moisten with water. A darkening of the coin indi- 
cates sulfide, selenide or telluride, 

2. Ammonium Molybdate Test. Add 1 ml. of the solution to a mixture 
of I ml. of ammonium molybdate reagent and 1 ml. of concentrated nitric acid, 
and warm. A yellow precipitate indicates phosphate or arsenate. 

3. Barium Chloride Test. Add a few drops of barium chloride solution 
to the acid solution of the mineral. A white, insoluble precipitate indicates 
sulfate. This test cannot be applied to Table C. 

4. Turmeric Paper Test. Nearly neutralize the solution of the mineral 
wdth ammonium hydroxide, moisten a piece of turmeric paper in it and dry 
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carefully on a test tube of hot water. A reddish-brown color that turns blue 
to black when treated with ammonia, indicates borates. (Titanium, columbium, 
molybdenum, tantalum and zirconium also color it brown.) 

5. Hydrochloric Acid Test- (a.) This test is applicable only to Tables fi 
and D. Add a few drops of hydrochloric acid, or a little common table salt, 
to the nitric acid solution of the mineral. A white precipitate indicates silver, 
lead, or mercury. If the precipitate is silver it will be dissolved by making 
alkaline with ammonia; if lead, it will dissolve in hot water and recrystallize 
on cooling. Only monovalent mercury is precipitated by the above. The di- 
valent form may be present but gives no indication here. 

(b.) Boil some of the powdered mineral with concentrated hydrochloric acid 
in a porcelain dish and add a little zinc. Tungsten, titanium, columbium, vana- 
dium, molybdenum, uranium and ruthenium give characteristic color reactions. 
For interpretations of the results, sc'c Reaction of Metallic Zinc in Acid 
Solutions, Chapter VI. 

6. Ammonium Hydroxide Test- Add solid ammonium chloride equal to 
1/10 of the volume of the test solution, then make alkaline with ammonium 
hydroxide, heat to boiling, anti filter. Iron gives a brown, uranium a yellow, 
chromium a gray-green, mercury a black precipitate. Bismuth, titanium, zir- 
conium, thorium, aluminum, beryllium, tin, lead, and antimony all give white 
precipitates. Molybdenum and vanadium may also be partially precipitated 
here. 

CopiKir colors the filtrate blue, nickel is blue-green and cobalt is yellowish. 
A small amount of iron will color a white precipitate, thus obscuring that from 
aluminum, beryllium, etc. If it is desired to test for these elements, the pre- 
cipitate is washed from the filter paper, dissolved in hydrochloric acid, made 
strongly alkaline with sodium hydroxide, boiled for a minute or two and fil- 
tered. Iron, chromium, mercury, bismuth, uranium, titanium, zirconium and 
thorium remain on the filter paper. Make the filtrate acid with hydrochloric 
acid, then alkaline with ammonium hydroxide. Aluminum, beryllium, tin, 
lead, and antimony are precipitated. 

7. Ammonium Oxalate Test- To the clear filtrate from the treatment 
with ammonia add a little ammonium oxalate solution. A white precipitate 
indicates calcium, barium or strontium. 

8. Ammonium Phosphate Test. To the clear filtrate from the ammonium 
oxalate test add a little di-ammonium phosphate. Magnesium and manganese 
arc precipitated. That from magnesium is pure white, w^hile the one from 
manganese is pinkish. 

' 9. Miscellaneous Tests. The filtrate from the ammonium pliosphate test 

will contain any sodium, potassium, lithium, and also copper, cobalt, nickel, 
molybdenum, vanadium, etc. By evaporating to dryness and heating care- 
fully to drive off all volatile ammonia salts, flame and bead tests may be ap- 
plied to this residue. 
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The operations listed above wiirgive an. excellent indication of the probable 
composition of the sample. If, however, on inspection of the possible minerals 
as obtained from the tables doubt still remains, such other tests as flame, bead, 
charcoal, and the complete analytical procedure should be applied. 

These simple tests will in most cases enable the common minerals to be 
identified. Tests of only a few specific elements are obtained, but acid radicals 
and groups of elements are indicated, and as the physical projXTties of the va- 
rious compounds of members of a chemical group have considerable variation, 
it is not difficult to determine which metal is present. Consider the following 
example: The sample has a sfx'cific gravity of 2.9 and a hardness of 3.5. Refer- 
ring to the tables under this specific gravity and hardness, it is seen that of 
the common minerals it may be either niargarite, ankeritc, aragonite, dolomite 
or alunite. Treatment with hydrochloric acid gives complete solution with 
effervescence showing that it is carbonate, and .so it must be either ankerite, 
aragonite or dolomite. It is a inem'ber of Table A. Te.sts with the soda bead, 
ammonium molybdate and turmeric paper are negative. On making alkaline 
with ammonia, a brown precipitate and colorless filtrate is obtained, showing 
the presence of iron. The addition of ammonium oxalate gives a white pre- 
cipitate, indicating calcium, barium or strontium. As none of the possible 
minerals contain barium or strontium, the test indicates calcium. The addi- 
tion of di-ammonium phosphate to this clear filtrate gives a precipitate indi- 
cating magnesium or manganese*, but as none of the possible minerals contain 
manganese, the test indicates magnesium. It is therefore seen from those tests 
that the mineral contains calcium, magnesium, iron, and that it is a carbonate. 
It is evident that it is ankerite. 

These few tests are for assistance in mineral identification and are not intended 
to take the place of a thorough chemical analysis. For a complete chemical test for 
impurities carried by a mineral {gold, silver, vanadium, etc.), and for testing for 
the rarer elements, the complete qualitative scheme should be followed. 

It should always be kept in mind that the physical and chemical properties 
reported for a mineral are on the pure substance and that thc;re are very often 
alterations and substitutions of one element for another. Iron may partially 
replace aluminum, aluminum replace iron, calcium partially replace magnesium 
or magnesium partially replace calcium and lead may partially replace anti- 
mony, or vice versa. It is very often the relative amounts of the various con- 
stituents which determine the mineral. Proportions of the various elements 
must therefore always be considered in arriving at the final result. 

Spot Tests 

A great deal ol time can often be saved by making a few preliminary tests 
on the sample before beginning the routine qualitative analysis. Some of the 
blowpipe reactions may be applied and, after the mineral is in solution, spot 
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or drop tests can be used to great advantage. Virtually all of the different 
specific reactions of the elements and many group tests can be carried out by 
using drops of the solution and reagents. 

Drop tests are made on a glass slide or a piece of window glass which has 
been coated with paraffin, vaseline, or oil, then wiped off so as to leave a thin 
film which causes the drops to cling together and prevents them from spread- 
ing over the glass; or a spot plate may be used. This is a piece of white or black 
glazed porcelain containing a number of small depressions for holding the 
liquids. Spot tests arc made on paper by placing the drops of solution and 
reagents on a piece of filterpaper or spot test paper. 

In making a test by this method, a drop or two of the solution is placed on 
the slide or spot plate and a drop of the reagent placed near it. With a clean 
glass rod these are then brought together and the results observed, using a 
hand lens if necessary. Reactions giving white or light colored precipitates arc 
best carried out on the black plate, while those which give dark or colored 
ones should be made on the white plate. If glass is used, white or black paper 
can be placed under it. Testing for a group before' adding the reagent to the 
entire solution can easily be done this way. For instance, if a drop or two of 
the solution of the mineral is treated with a drop of dilute HCl and no pre- 
cipitate forms, the silver group is absent and it is not necessary to treat the 
entire solution with HCl. The same procedure may be carried out with many 
of the other group tests. 

In the analytical procedure many drop tests are included in the confirma- 
tion of the various elements. There are several analytical methods available 
using the microscope and drops of solution and reagents for the entire analysis. 
However, it is doubtful if micro chemistry has any real advantage over the 
macro methods, except in the case of poisoning, or where the available sample 
is very small, if the size of the sample is kept small in order to save time in 
filtering and other manipulations, as is the case in this procedure. 

Most drop and spot tests arc as much a part of macro analysis as they are 
of the micro methods and have a very important place in analytical chemistry, 
but there is a tendency by some to conduct the entire analysis by this method. 
This leads to many difficulties; much special equipment is often required and 
nothing is gained where a large enough sample is available to make tests hy 
the regular procedure using the spot tests where they fit and serve the purpose. 
All of the analytical systems, the different micro methods, blowpipe, spot, 
semi-micro, and the common macro procedure, have their good points, as'well 
as their short-comings and faults. Therefore the best methods are those which 
use the good parts of each, thus eliminating as far as possible the faults of all. 
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TABLE A. MINERALS PARTIALLY OR COMPLETELY 














lAWLKS UK LHKMIUAL KKACTIONS 


DISSOLVED BY HYDROCHLORIC ACID 



NAME 

COMPOSITION 

SEMARKS 

1 

Polyludite 

K2SO4-CBSOrMg3O4-2H20 

Pt sol in water. 

2 

Thenardite 

Ka:iS04 

Sol in water. 


Kainite 

MgS04Ka'3H!j0 

&1 in water. 

4 

Kalinite 

K»S04-Al!(S04)]-24Hj0 

Sol in water. 

C 

Chalcanthibc 

CuSOrSH^ 

.Sol m water. 

fi 

Mirabilite 

NBtSO4l0H:O 

Sol in water. 

7 


MgS04-7H20 

Sol in water. 

K 

Melanterite 

FeS04-7H20 

Sol in water. 

9 

Copiapitc 

Fe4(0H)2(S04)-lffiW 

Sol hi water. 

U) 

Halite 

Naa 

Sol in water. 

11 

Sylvite 

KCI 

Sol in water. 

12 

Camallite 

KMgCls-eHaO 

Sol in water. 

13 

Niter 

KNO 3 

Sol in water. 

14 

Soda niter 

NaNOa 

Sol in water. 

15 

Borax 

Nain4O7l0OjO 

Sol in water. 

10 

Ulexite 

Na«0C»0-5Bij0sl6H40 

Pt BOl in water. 

17 

Sassolitc 

BiiOj-3HiO 

Sol in water. 

18 

Kernite 

NaiBA<IH20 

Slow ly sol in cold water. 

19 

lYona 

NsjCOjNaHCOs-ffl^ 

Sol in water. 

20 

Natron 

NasCQjlOHaO 

Sol in water. 

21 

Smithsunite 

ZnCOj 

Cobalt sol on coal gives a groen ooat 

22 

Witherite 

BaCO] 

Sulfuric add giv^ insoluble ppL 

23 

Malaidiite 

CuCX)3Cu(OH)j 

Sol deposits Cu on bright iron. 

24 

Siderite 

FeCOa 

Potassium fcrroc^ankle gives blue. 

25 

Azurite 

20ua)sCu(0H)j 

Sol deposits Cu on bright iron. 

20 

Strontianite 

BrCOj! 

(kdors flame intense red. 

27| 

Rhodochroeite 


S.Ph. bead in O.F. is amethyst. 

28l 

Auriohalcite 

2(Zn,Cu)CO,-3(Za,Cu)(OH)i 

Copper and zinc tests. 

K 

Magneflite 

MgCOa 



Ankerite 

2 CiiCO,M(!CO,.Pi)COa 


H 


CaCOjMeOO, 


B 


CaOOa 




CaOOa 




SMgCOj MR(OH)s-3HiO 




CaCiOaNBTOQs-SHsO 




Zii003'2Zii(0H)7 



CaDcr'iDite 

4Na:0'Ca0'Ali0a'2C0r9Bi08'3H^ 


as 

Franklinlte 

(Fe,Mn.Zn) 0 (Fo,Mn)j 03 

Gives manganese bead tests. 

3S 

F^oioelaiie 

MnO:-2BjO 

S.Ph. bead in Q.F. is amethystine. 

4(1 

Pyrolusite 

MnOt 

S.Ph. bead in O.F. is amethystine. 
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Table A. minerals partially or completely 



Soluble 

\irith 

separatioD 

of 

Gas 

evolved 

SODIUM 

CARBONATE 

BEAD 

Ammon- 
ium 
molyb- 
date 
gives 
a yellow 
procipi- 
tete 

Barium 

chloride 

gives 

a 

white 

precipi- 

tate 

Turmeric 

paper 

turns 

brown 

on 

drvdng 

AMMONIUM 

HYDROXIDE 

Ammon- 
ium 
oxalate 
gives a 
white 
precipi- 
tate 

Ammon- 
ium 
phos- 
phate 
gives a 
white 
precipi- 
tate 

A ailvor 
iMiin 
is 

black- 

ened 

Efferv'cs- 

ces 

durinj? 

fusion 

Color 

of 

precipi- 

tate 

Color 

itf 

fdtrato 

4J 


Ch 









X 

42 


Clo 









X 

43 

PbClz 

HS 

X 





Wht 




44 

PbCl2 

\\S 

X 





Wht 




45 

PbCla 

. 

X 





Wht 




46 


ns 

X 





Wht 




47 


us 

X 





lirw'n 




48 



X 





Wht 




49 


us 

X 









50 


US 

X 








X 

51 


US 

X 









52 

SiO'i 

Vh 


X 







X 

53 

PbClj 

US 

X 





Wht 




54 





X 



Brwn 



X 

55 





X 



Wht 




56 





X 





X 


57 





X 





X 


58 





X 





X 


59 





X 




* 

X 


60 





X 



Brwn 




61 




1 

X 



Wht 

Blue 



62 





X 



Wht 




63 





X 



Wht 




m 





X 



Brwn 




65 





X 




Blue 

X 


% 





X 




Cmish 



67 





X 




Ylwsh 



08 








Ylw 




69 

PhCla 







Wht 




70 

Ylw WO;i 









X 


71 

PhCh 







Wht 




72 






X 



Blue 



73 






X 


Urwn 




74 






X 




X 


75 






X 



Blue 



76 






X 




X 


77 






X 




X 


78 









Blue 



B 







X 



X 


80 







X 




X 

81 











X 
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DISSOLVED BY HYDROCHLORIC ACID {continued) 



NAMK 

COMfOSITIOS 

REMARKS 

41 

Manganite 

Mn20a-2Hi0 

S.I'h. bead in (^.K. is amethystine. 

42 

1 

I 

t=i 

MnaO* 

S.Ph. luiad in O.F. is amethystine. 

43 

Houlani;eritD 

5Pl)S-2Sb2S3 

SI) separates out un dilution. 

44 

Jamnsonito 

PbJ'cBbeSii 

Sb neparaioR out on dilution. 

45 

Zinkenitc 

rbS-SbaSj 

aSb separates out on dilution. 

4<i 

Greenockit^ 

C!dS 

On iwal in 11.F., a reddish-brown coat. 

47 

Pyrrhotite 

Fej-Ss 

j^otassium ferrocyanide gives blue. 

48 

Stibnito 

SbsSa 

Fuses in a match flame. 

49 

Sphalerite 

ZnS 

Has a resinous luster. 

50 

Alabandite 

MoS 

Manganese beads. Not common. 

51 

Wurtaitc 

ZnS 

Nut common. 

52 

Braunite 

3Mn20a-MnSiOa 

IManganese l)cad tests. 

53 

Galena 

PbS 

PbCl:; is soluble in hot water. 

54 

Trlphylito- 

Lithiophyllite 

Li(F 0 ,Mn)POi 

Flame test for lithium. 

55 

Amblygonito 

LiF-AiP04 

Gives flame test for lithium. 

55 

Fluorapatite 

OCaO-SPiOs-CaFs 

Gives test for fluorine. 

57 

ChlorapatJte 

9CaO-3PA-CaClj 

Gives tests for calcium. 

58 

Apatite 

3Ca3(P04)2-Ca(F,Cl)2 


59 

Collophanite 

Ca,(P0.i)2H!0 

Potiissium fcrrocyanide gives blue. 

6(1 

Vivianite 

Fc.sd’Oiji-SHjO 

61 

Turquoise 

CuO-SAlAi-SPA-SHsO 


62 

Wavellite 

1AIPOv2AI(OH)j!)HsO 


63 

Monazite 

(Ce,UI)i)POj 

Tests for the Rare Earths. 

64* 

Scorodito 

FeAaOiaiaO 

Gives arsenic tests. 

65 

Couichalcite 

K(Cu,(:a)AsAr3TIsO 

Copper and arsenic te.st3. 

65 

Annabergite 

SNiOAsjOs-SlW) 

Nickel and ar.scnic tests. 

67 

Erythfite 

('03(Aa04)2SHj0 

The solution is rose-red. 

68 

Carnotite 

K(UOi)s(\’Oi)5-8IW 

The solution is yellowLsh. 

6U 

Vanadiiiito 

3Pb4(V04)iPb(:i! 


70 

Seht^ite 

two, 

Reacts for tungsten. 

71 

Wulfonito 

PbMA4 

Gives molybdojium reactions. 

72 

Brochantite 

CuS04-3Cu(0H)2 

Sol dejiosits CJu on bright iron. 

73 

Jaruaite 

K.iO-ri!203-4.S03-GHiO 


74 

Anhydrite 

CaS04 

Sol deposits Cu on bright iron. • 

75 

Antierite 

;iCuO-SOs-8HjO 

76 

Glauberite 

NaaS04-CaS04 


77 

Gypsum 

Atacamite 

CaS 04 - 2 lIj 0 

Sol deposits Cu on bright iron. 

78 

CuCl!-3Cu(OH)" 

n 

Colemanlte 

2C:b0-3B203-5H20 


m 

1 Boracite 

MRClrCMgOSBA 


81 

Brudte 

Mb(OII)s 
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Table A. minerals partially or completely 



Soluble 

with 

separation 

of 

Gas 

evolved 

SODIUM 

CARBONATE 

HEAD 

Ammon- 
ium 
molyb- 
date 
gives 
a yellow 
precipi- 
tate 

Bsrium 

ohloride 

gives 

a 

white 

predpi- 

tato 

Turmeric 

paper 

turns 

brown 

on 

drying 

AMMONIUM 

HYDROXIDE 

Ammon 
ium 
oxalate 
gives a 
white 
precipi- 
tate 

Ammon- 
ium 
phos- 
phate 
gives a 
white 
precipi- 
tate 

A silver 
coin 
is 

blarlc- 

ened 

Efferves- 

ces 

during 

fusion 

Color 

of 

precipi- 

tate 

Color 

of 

filtrate 

K2 









Blue 



83 












84 








Brwn 




B.') 








Brwn 




86 








Brwn 




87 








Brwu 




88 

SiOa 







Brwn 




m 

SiOs 



X 




Wht 


X 


!W 




X 




Whl 




91 




X 




Wht. 


X 


92 




X 




Wht 


X 


93 




X 




Wht 


X 


94 




X 








95 




X 




Brwn 



X 

96 




X 






X 

X 

97 




X 




Wht 


X 


98 


COz 


X 




Wht 


X 


99 




X 




Wht 




MM 




X 


X 


Wht 


X 


101 


HzS 

X 

X 




Wht 

• 



mm 




X 





Blue 



103 

SiOs 

Clz 


X 







X 

fm 

ISiM 



X 




Brwn 



X 

105 

Res 



X 




Brwn 




mm 




X 







X 

107 

SiOs 



X 






X 


108 

Si02 



X 






X 


109 

SiOz 



X 




Wht 




no 

Res 



X 




Wht 


X 


111 

Res 



X 




Wht 


X 


112 

SiOz 



X 



X 



X 


113 

Res 



X 




Brwn 


X 


114 

SiOz 



X 




Brwn 


X 


115 

SiOi 



X 






X 


116 

SiOz 



X 








117 

SiOz 



X 






X 


IIS 

SiOz 



X 




Wht 


X 
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dissolved by hydrochloric acid {continued) 



NAME 

COMPOSITION 

REMARKS 

82 

Cuprite 

CuaO 

Sol depoaibi C'u on bright iron. 

83 

Zincite 

ZnO 


S4 

Hematite 

FejOa 

Slowly soluble. 

85 

Majpietite 

FflOFeA 

Slowly soluble. 

86 

Goethite 

FeaOa-ILjO 


87 

Limonite 

F02O3*3IIjjO 

Sometimes leaves a residue of silica. 

88 

llmonite 

FeOTiOa 

Slowly soluble. Titanium tests. 

89 

Anorthite 

Ca 0 ‘Al 20 ;j‘ 2 Si 02 

. 

9<J 

Leucito 

KjO-AljOaSiOs-STIaO 

Decomposed without gelatinizalioii. 

91 

Heulandite 

(0a,Nii2)0-Al20.v6Si02-5HiO 

Deoompo.%d without gelatinization. 

92 

Stilbite 

(Na 2 .Ca) 0 - AlA-eSiOr 6 IT 2 O 

Docomposod without gelatinization. 

93 

Harmotomo, 

(K2,Ba)Al2Si50i4*5n20 

DBoomposed without gelatioization. 

9-1 

Willemibe 

ZDSi04 

Dissolved without golatinization. 

95 

Chrysolite 

2 (Mg,Fe)OSiOs 

Dissolved without gelatinization. 

96 

Monticellite 

CaO-MgOaiO: 

Dissolved without gelatinization. 

97 

Prehnite 

gOaOAIjOs-SSiOrHiO 

Decomposed slowly without gelatinization. 

08 

Canmnite 

4Na20CaOAlA-2C0r9SiO»-3H!!0 

Dissolves without gelatinization. 

99 

Sodalito 

.•JNaAISiOjNaOl 

Dissolves without gelatinization. 

100 

Hueynito 

3 NaA 1 Si 0 .rC'aS 04 

Dissolves without gelatinization. 

101 

Lazurite 

SNaLSiOiNanS 

Dissolves without gelatinization. 

102 

Chi^'socolla 

(;uHi 03 - 2 H 20 

Dissolves without gelatinization. 

103 

Braunite 

3Mn20,rMnSi0a 

Gives manganese reactions. 

104 

Hyporstfacne 

(FB,Mg)SiO, 

Only partially decomposed. 

105 

Acmite 

Na20Fo203-4Si02 

Only slightly acted on by acids. 

lOti 

Rhodonite 

MnSiOa 

Only slightly acted on by acids. 

107 

Wol]ast.onitu 

CaSiOs 


lOS 

Pi^etolit© 

Na20-4Ca0-GSi02Hi0 

Partly decomposed. 

109 

Nephelite 

NaALSiO^ 


110 

Wernerito 

(;a,Na,Al^i02 

Imporfeetly decomposed. 

111 

Vesuvianite 

12CaO-3(Al,FB)203 l(ISiO2-2H20 

Partially decompo^. 

112 

Datolite 

2Ca0-BA'2Si02'Hj0 

Reacts Tor borem. 

113 

Epidote 

4Ca0-3(Al,Fe)203liSiO2H20 

Only partially decomposed. 

114 

Allanite 

4(Ca,Ffi)0 3 (Al,CB,Fe,Di) A'fiSiOrHjO 

Tests for the Rare Earths. 

115 

Ilvaite 

2CB0'4F6O‘Fc203'4SiO2*H30 


116 

Calamine 

27in0SiO2-ll2O 


117 

Apophyllite 

KiO-SCaO-ltiSiOs'F-lBHsO 


118 

Laumontite 

0 a 0 Ali 03 - 4 Si 0 j- 4 H 20 
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Table A. minerals partially or completely 



Soluble 

with 

separation 

of 

Gas 

evolved 

SODIUM 

CARBONATE 

BEAD 

Ammon- 
ium 
molyb- 
date 
gives 
a yellow 
precipi- 
tate 

Barium 

chloride 

gives 

a 

white 

preripi- 

taie 

Turmeric 

paper 

turns 

brown 

on 

dr}'iTig 

AMMONIUM 

UVDKOJflDE 

Ammon-j 
ium 
oxalate 
gives a 
white 
precipi- 
tate 

Ammon- 
ium 
phos- 
phate 
gives a 
white 
pnicipi- 
tate 

A silver 
coin 
is 

black- 

ened 

Efferves- 

ces 

during 

fusion 

Color 

of 

precipi- 

tate 

Color 

of 

filtrate 

m 

Si02 



X 




Wht 


X 


120 

SiOa 



X 




Wht 


X 


121 

SiOz 



X 




Wht 


X 


122 

Si02 



X 




Wht 




123 

SiOa 



X 

, 



Wht 




121 

SiOz 



X 




Wht 


X 


12n 

SiOz 



X 




W'ht 


X 


126 

Res 



X 




Wht 




127 

Res 



X 




Wht 


X 


128 

Res 



X 




Hrwn 



X 

129 

SiOz 



X 







X 

130 

SiOz 



X 







X 

131 

SiOz 



X 




Wht 




132 

SiOz 



X 







X 

133 

SiOz 



X 







X 

131 

Res 



X 







X 

135 













Res 



X 




Rrwn 



X 

136 

SiOz 



X 




Hrvvn 


X 


137 




X 




Brwu 



X 

138 

SiOz 



X 







X 

139 

Res 



X 




Wht 


X 


110 

SiOz 



X 







X 

111 

Res 



X 






X 
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dissolved by hydrochloric acid {continued) 



NAMK 

COMPOSITION 

REMARKS 

11!) 

rhillipsite 

(K2,Ca)0AlA-4Si02-4}K20 


120 

Chabazite 

(Na!.Ca)O-Al2O3-4Si0s-6H2O 


121 

Gmalinito 

(Na2,Ca)0'Al20r4Si02-6H20 


122 

Analcite 

Na..0-Alj0.r4Si0r2ll20 


12.3 

Natrolite 

Na20-Al20.r3SiO;;2HL>0 


12^ 

Scolccite 

(■;aO-Als(.)3'3SiOi;-3HzO 


125 

Thomdonite 

(Ca,Na2)0Al203-2Si0s-2lH!0 ' 


12li 

Lepidolitf) 

(K.U)20-Al;Ar3Si02 with F 

Not completely decompoaed. ‘ 

127 

Margaribe 

Ca0-2AIA-2Si0i!U-.0 

Only partially decomposed^ 

12S 

Penninite 

.5(Mg,Fe)OAIA-3Si02-4Il20 

Only jiartially decomposed. 

J20 

kSepiolite 

2Mg0-3Si02-2il20 


130 

Scrjwntine 

SMsO-aSiOa-iHjO 


131 

llalluyHite 

AljOs-aSiOz 


132 

Antigorite 

SMfsO'TSiOs-SHzO 


133 

(.^hrysotilo 

SMpOaSiOraiiaO 

Silica separates out in fibers. 

134 

Gamiorite 

(Ni-Mg)0 Si02 nHz0 ^ 

Partially tieconiposed. Ni tests. 

13.5 

Gcirdierite 

(lolito) 

4(M|!,FB)()‘IAl,Qs-l(8i0j-H2O 

Only partially decom()Osed. 

130 

Andradit4! 

3Ca0F(!..03-3SiO2 

Difficultly soluble. 

137 

Olivine 

(Mg,Fe!jiSiOj 

Slowly soluble. 

J3S 

Foraterite 

MgaSiO.! 


139 

Clinozoiidtii 

4('aO-3AlaO3-6Si0'. llaO 

Only partially decomposed. 

140 

Chondrodite 

4M|>OaSi():.Mg(F,OIJ)! 


141 

Titanitc fSphtinul 

(’aOTiOrSiOa 

Partially decomposed. 
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TABLE B. MINERALS 



78 















TABLES OF tHEMICAL REACTIONS 


SOLUBLE IN NITRIC ACID 



NAME 

COMPOSITION 

KF.MAKKS 

1 

Silver 

Ag 


2 

Copper 

Cu 

Gives a green solution. 

3 

Mercury 

Hg 


4 

Bismuthinit^ 

Bi2S3 

Gives a wbt ppt on dilubion. 

b 

Molybdenite 

MoSs 


f) 


AgaSb 

May give a wbt ppt on dilution. 

7 

Argeoiito 

AgjS 


8 

Cbalcocite 

CU2S 

Gives a green solution. 

9 

PentlandiU) 

(re,Ni)S 

Gives a green solution. 

JO 

Cinnabar 

HgS 


11 

Boriiite 

SCuaS'FejjSa 

Sol deposits Cu on bright iron. 

12 

Chalcopyrite 

CuFfiSa 

Green sol. 

13 

Pvrite 

FeS. 

S is deposited on beating the sol. 

14 

Snialtito 

(Co,Ni)Aii 2 

Gives a rose-red solution. 

15 

Cobaltite 

C 0 S 2 -C 0 AS 2 


16 

Maroasite 

FeS2 


17 

Arsenopyrite 

reS2'FeAs2 


18 

BournoTiibe 

SPbHCusSSbjSj 

Gives a blue sol. 

19 

Galena 

PKS 


20 

Stibnlte 

SbsS;) 

May give a wht ppt on dilution. 

21 

Pyrarg}'rite 

BAgaSSbi-Sa 

May give a wht ppt on dilution. 

22 

Pruustite 

SAgaS'AsaS 



Tetarabedritc 

(Cu,re,Zn,Ag)i2SbiSi8 

Green sol 


Stophanito 

SAgaS-SbaSa 


25 

Polybaeite 

OAgaS-SbaSa 


26 

Sfcannite 

CuuS-FeS-SnSa 

Blue sol 

27 

CerusBito 

PbCOs 


2B 

Phosgonito 

PbCXla-Ma 


29 

Fyromorpbitc 

3Pb3(P04)2‘PbCla 


30 

Mimetite 

rb3(As04)2-PbCl2 


31 

Vanadinite 

3Pb3CV04)2-PbC^l2 


32 

Olivonite 

4nu0A520.vH20 


33 

Uraninite 

U 30 «,Pb 0 ,elc. 


34j 

Anglesltc 

PbSOi 

Soluble with difficulty. 

351 

Covellite 

CuS 

Green sol 

36 

Enargito 

CU3AflS4 


37 

Orpiment 

AsaSa 


38 

Realgar 

AsS 


39 

Sylvanite 

(Au,Ab)Tb2 
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TABLE C. MINERALS 



Soluble 

with 

aeparation 

of 

Gas 

evolved 

SODIUM 

CARBONATE 

BEAD 

Ammon- 
ium 
molyb- 
date 
gives 
a yellow 
precipi- 
tate 

Barium 

chloride 

gives 

a 

white 

precipi- 

tate 

Turmeric 

paper 

turns 

brown 

on 

drying 

AMMONIUM 

HYDROXIDE 

Ammon- 
ium 
oxalate 
gives a 
white 
precipi- 
tate 

Ammon- 
ium 
phos- 
phate 
gives a 
white 
precipi- 
tate 

A silver 
coin 
is 

black- 

ened 

Kffervos- 

ces 

during 

fusion 

(/olor 

of 

precipi- 

tate 

Color 

of 

hltrati! 

1 


Fz 








X 


2 


Fz 






Wht 




3 








Wht 



X 

4 








Wht 




5 








Wht 




6 

SiOz 



X 



X 

Wht 




7 

Rea 



X 




Brum 




8 

SiOz 



X 




Bran 



X 

9 

SiOz 



X 




Brwn 



X 

m 

SiOz 



X 




Wht 



X 

n 

Res 



X 




Wht 




IE 

SiOz 



X 



X 

W'ht 


X 


I 

Res 






X 

Brwn 



X 

14 

Res 






X 

Brwn 


X 


1 






X 


Wht 




m 

Res 



X 




Wht 




n 

SiOz 



X 




Wht 



X 

m 

SiOz 



X 




Wht , 



X 

i 



X 
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.TABLES OF CHEMICAL REACTIONS 
SOLUBLE IN SULFURIC ACID 



NAMB 

COMPOSITION 

RBMABKS 

1 

Fluorite 

Cal'2 

The etches glass. 

2 

Cryolite 

SNaFAlFs 

The gas etches glass. 

3 

Spinel 

MgO-AlA 

Difficultly soluble. 

4 

Gahnite 

ZnO'Ali^O,^ 

Difficult)}' soluble. 

5 

Gibbsite 

AlaGfl-SfloO 


6 

Zircon 

Zri5i04 

Only fine powder effected by cone sulfuric. 

7 

Staurolite 

2FeO-5Al20,r4Si0!ll2O 

Only pftrtly decomposed. 

8 

Biotite 

(K,H)20-2(M|{,l'»0-(Al,Fe)s0a-3Si0s 

Silica remains in thin scales. 

9 

Fenninite 

5(Mg,Fc)OAl2Os-3Si0j4H2O 


10 

Clinochlore 

5Mg0Al-.0:{-3Si02-4ni0 


11 

Fyrophyllite 

AkOr4SiOrH'jO 

Partly decomposed. 

12 

I'erovakito 

(kTiOs 


13 

Columbito- 
Tan tali te 

(Fe-Mn)0CbA'Ta,O6 


14 

Samarskito 

3(Fe,Ca,U02,ete..)0-(0e,Y,Btc,)203- 

fCb.TalaOa 

Only partially soluble. 

15 

Aknite 

Ko0-3Al20:r4S03(iH20 


16 

To|)az 

AJ..(F,0H)2Si04 

Only partially decomposed. 

17 

Fblugopite 

2K201()(M|^,FojO-3Al20.vl2Si0.r3H20 

Gives a milky sol with con acid. 

18 

Chlorite 

9Mg0*3Al,<V'KSi02-8Hi0 


19 

Calaverite 

AuTov 

Hot sulfuric gives a deep red color. 
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TABLE D, MINERALS NOT 



Soluble 

with 

eeparation 

of 

Gee 

evolved 

SODIUM 

CARBONATE 

BEAD 

Ammon- 
ium 
molyb- 
date 
gives 
a yellow 
precipi- 
tate 

Barium 

chloride 

gives 

a 

white 

precipi- 

tate 

Turmeric 

paper 

turns 

brown 

on 

drying 

AMMONIUM 

HYDROXIDE 

Ammon- 
ium 
oxalate 
gives a 
white 
prodpi- 
Ute 

Ammon- 
ium 
phos- 
phate 
gives a 
white 
precipi- 
tate 

A silver 
coin 
is 

black- 

ened 

Efferves- 

ces 

during 

fusion 

Color 

of 

precipi- 

tate 

Color 

of 

filtrate 

1 

2 












3 








Blk 




4 












5 




X 








6 




X 








7 












8 









Pink 



9 








KQH 




■E 








H||H 




11 







X 





IQ 








E3]^| 
















14 




X 




Wbt 




15 




X 




Wht 




16 




X 




Wbt 




17 




X 







X 

18 




X 




Brwn 


X 

X 

19 




X 




Wht 




20 




X 




Wht , 




21 




X 




Brwn 



X 

22 




X 




Brwn 


X 

X 

23 




X 




Wht 




24 




X 



1 

Brwn 


X 

X 

25 




X 



1 

Wht 




26 




X 






X 


27 




X 




Wbt 




28 




X 




Wht 




29 




X 




Wbt 




30 




X 




Wht 




31 




X 




Wht 


X 


32 




X 




Brwn 


X 


33 




X 




Brwn 



X 

34 




X 




Wbt 




35 




X 




Wht 




36 




X 







X 

37 




X 




Brwn 



X 

38 










X 


39 










X 


40 











41 






1^1 

IHI 
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TABLES OF CHEMICAL REACTIONS 


ACTED UPON BY ACIDS 



NAME 

coNrrosiTiuN 

REMARKS 

1 

Dlamonil 

C 


2 

Gold 

Au 


3 

Calomel 

Hmci 

Soda fusion on coal gives Hg coat. 

4 

Cerargyrite 

Ag(^l 

Soda on coal gives a bead of silver. 

5 

Quartz 

SiOa 


(1 

Opal 

SiOs-oIM 


7 

Coruodura 

AlA 


B 

Chromite 

KeO-CrA 

In R.F. gives green beads. 

[) 

Chrysoboryl 

Be0Al203 


10 

Ca^iterito 

SnOa 

Sec tests for cassiterite. 

11 

Kutilo 

TiOa 

H 202 gives reddish-yellow color. 

12 

Diaspora 

AlAH^O 


13 

bauxite 

AlaOs-aUsO 


14 

Orthoclase 

KiOAlA-BSiOs 

Flame test for potassium. 

In 

Micrucline 

KiO-AliQs'BSia. 

Flame teat for potassium. 

16i 

Albite 

NajO-AIA-CSiO! 


17 

Enatatita 

MgOSiOa 


IS 

byroxeno 

Ca,Ffi,MK.iSi02,etc. 


19 

Jadeite 

Na;0Alj0,r4Si02 


20 

^podumene 

Li20Al203-4Si02 

Flame test for lithium. 

21 

Anthophyllite 

(Mg,Fe)SiOn 


22 

Amphibole 

Ca,Fe,Mg,Al,K,Na;iiii02 


23 

Beryl 

3BoO-Al308*tiSiUji 


24 

Garnet 

Ca,Mg,FD,Al,(>^SiOs 

Andradite is pi sol in HCl. 

25 

Phenacito 

2He0Si02 


2fi 

Danburito 

CaQ-B20;j-2Si02 


27 

Topaz 

AlA*(0H,F)Si03 

Slightly sol in sulfuric. 

28 

Andalusito 

AlaOs’SiOs 


29 

Sillimanite 

AlflOs'SiO'i 


30 

Kyanite 

AlASiOn 


31 

Zoiaite 

4CaO'3Al203-6Si02H20 


32 

Axinito 

f)(Ca,Fe,Mn) 0 - 2 Al 203 - 8 Si 02 H 20 


33 

Tourmaline 

Borosilicate of K, Li, Mg, Fe and A1 


34 

Muscovite 

K20-3A)20adhSi02-2Ha0 


35 

Kaolinilo 

Al 203 - 2 Si 02 - 2 H ?0 


3ti 

Talc 

3Mg0-4Si02H20 


37 

Lazulite 

(Fe,Mg)0-Al203Pz06-H20 


38 

Barite 

BiiSOi 

Flame tests for barium. 

39 

Gelestite 

SrS04 

Flame test for strontium. 

40 

Graphite 

C 


41 

Sulfur 
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TABLE D. MINERALS NOT 


Soluble 

with 

' soparatioD 
of 


Gas 

evolved 


SODIUM 

CARBONATE 

BEAD 


A silver 
coin 
is 

black- 

ened 


Effervca- 

CCS 

during 

fusion 


Ammon- 
ium 
molyb- 
date 
giviw 
a yellow 
precipi- 
tate 


Barium 

chloride 

gives 

a 

white 

precipi- 

tate 


X 


Turmeric 


AMMONIUM 

HYDROXIDE 


paper 

turns 

brown 

on 

drying 


Color 

of 

precipi- 

tate 


Color 

of 

filtrate 


Wht 


Blue 


X 

X 


Brwn 


X 

X 


Brwn 


Ammon- 
ium 
oxalate 
gives a 
white 
precijii- 
tate 


Ammon- 
ium 
phos- 
phate 
gives a 
white 
precipi- 
tate 


X 


X X 

X X 

X X 

X X 


51 

52 

53 

54 


X 

X 

X 

X 


X 


X 


Brwn 

Brwn 

Wht 

Wht 

Wht 

Brwn 


X 

X 


X 


Brwn 


X 
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TABLES OF CHEMICAL REACTIONS 
ACTED UPON BY ACIDS {continued) 



NAMF. 

COMPOSITION 

REMARKS 

42 

Clinozoiait^e 

40&0'3Al208-6SiOrH20 


43 

Niccolita 

NiAs 


44 

Diopsidi} 

CaOMi!0’2Si02 


45 

Augito 

C!i0-3(I'’e,MR)0Al203"<Si02 


46 

Tromolite 

2CaO-5MgO-8Si02H‘.O 


47 

Homblcnd 

inCa(Mi!,Fe),-(SiOa)4 

n(Al,Po)(F,OH)SiO, 


48 

GliiLicophano 

Na20AlA-4Si0r2(Me,Fe)O-2a02 


49 

Gkuconite 

K2(Mg,Fo)2Al,rSMOio)CTi)i2 


50 

Amblygonite 

La'’AIP04 

Lifchiimi flame test 

51 

Wavollite 

4A1P042A1(01I)j-9H2() 


52 

Lcpkiolibe 

(I,i4<)20-AIA'3Si02 with F 


53 

Arfvcdsonitfl 

4Na20-3(;a01 4F(!0- (Fc,Al)20j'21Si02 


54 

Staurolite 

2(Fe,Mg)0-5Al203-4Si02-H20 
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TABLE E.- Analytical Scheme 

BASIC CONSTITUENTS 
Mineral solution 


. I 

Residue from 
solution of 
mineral 
Si,W,Cb,Ta 


^ I 

Solution plus HCI (P- 1 ) 


Filtrate plus oxalic acid (P- 3 ) 


Precipitate 

Ag,Pb,Hg(ous), 


Filtrate plus NH4OH 
& HCI (P -6) 


Precipitate Tl(ous) 
Th,Sc, 

R.E.,Au 


Precipitate 

Zr,Tii 

Sb.Bi 


Filtrate plus H2S (P-8) 


Filtrate 

I 

Test for phosphorus (P- 13 ) 


Precipitate 
Cu and Sn groups 
j.)Ilis Na2S reagent (P- 9 ) 


Filtrate Residue 



Filtrate 

plus NH4OH Cu,Pb,Cd, 



plus HCI 

and Bi,Pd,Rh, 



(P-11) 

(NH4)2S (P- 14 ) Os,Re,Po 



J 

1 



Precipitate 

Precipitate 



Sn.Hg.Sb, 

Fe and Al groups plus 



As,Mo,Se, 

NaOH&NaaOaCP-lS) 



Te,Pt,Ir, 

1 1 



Ge/Ru 

Residue Filtrate plus 




Fe,Mn,Co, HCI & NH4OH (P- 17 ) 

Filtrate 


Ni,In 1 

plus 


Precipitate 

(NH4)2C03 


Al,Zn,Cr,Be,U,V,Ga 

(P- 

19 ) 


1 

1 

Filtrate plus evaporation (P-22) 


Precipitate 

1 



Ca|Ba, 

Residue Na,K,Li,C5,Rb 



Sr, Mg 
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CHAPTER V 

OualitatlTO Chemical Teste 

In the following tests, 20 drops from a dropping bottle are taken as equal 
to 1 ml. and: the amount of acid or alkali added is on this basis. The analyst 
should determine how many drops from the apparatus at hand are required 
to make 1 ml. and regulate the amounts added according to these results. The 
size of the drops depend in a large measure on the size of the point from which 
they fall and may vary from 20 to 30 or more to a milliliter. 

Solution of the Mineral. To 1/10 of a gram (size of a BB shot) of the 
finely ground mineral, add water and boil. If solution is complete, proceed 
with Procedure #1 (P-1). If the sample is not soluble in water, add a little 
nitric acid (HNO3); boil if necessary. (If tests show that the mineraf is soluble 
in HCl, this should be used, which eliminates P-1). If the substance does not 
completely dissolve, add cone. HNO3 and continue to boil. If still insoluble, 
evaporate nearly to dryness, add a mixture of 3 volumes of cone, hydrochloric 
acid (HCl) and 1 volume of cone, nitric acid (HNOj) (forming aqua regia) in a 
silica or {wrcelain dish (not platinum) and heat slowly. Repeat two or three 
times if necessary, then evaporate to dryness; treat with cone. HNOa and 
evaporate to dtymess; again add cone. HNOa and evaporate to dryness to drive 
off all excess acid and remove the HCl, thus converting the metals to nitrates; 
dissolve in water and filter. This treatment will dissolve all of the metallic 
sulfides and many of the silicates, leaving the silica (Si02) as residue. 

If a residue other than SiOz remains, incinerate the filter paper or remove the 
residue from it and treat as follows: Mix the dried residue with 4 volumes of 
sodium carbonate (NazCOa) and heat on charcoal until quiet fusion is ob- 
tained. If the HCl (silver) and H2S (copper and tin) groups are absent, a plati- 
num spoon or foil may be used instead of the charcoal. Cool, dissolve in the 
smallest amount of water and HNOs ; evaporate to dryness, add cone. HNO3 
and evaporate to dryness again; dissolve in water, and filter. This procedure 
decomposes the silicates, putting the metals into solution as nitrates, leaving 
the Si03 as an insoluble residue. 

To incinerate a filter paper and precipitate, carefully remove the paper with 
the precipitate from the funnel and place it in a porcelain crucible or dish. 
This is then heated over a flame until the pafier is completely consumed, leav- 
ing the precipitate as a carbon-free powder in the dish, from which it is re- 
moved for further tests on cooling. 

Insoluble sulfates, such as barite, will not go into solution on treatment with 
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acid if the fusion is made on platinum. If made on charcoal, the sulfate is re- 
duced to sulfide which dissolves, liberating H2S. 

If the fusion is made on platinum, then treated with water (no acid) and 
filtered, the majority of the sulfate passes into the filtrate as sodium sulfate 
and the greater part of the barium is converted to barium carbonate, which 
is easily soluble In HCl. 

If gold, platinum, or the platinum metals are present in the sample, it is 
necessary to digest the Na2COa melt with aqua regia to put them into solu- 
tion. 

A few minerals are not completely decomposed by the above treatments. 
If this is apparent, incinerate the filter paper, mix the residue with 1 ml. of 
dry potassium bisulfate (KHSO4) and heat to quiet fusion at a low red heat 
for several minutes in a porcelain crucible. Allow to cool, add 3 drops of cone, 
sulfuric acid (H2SO4) and reheat until the fusion is melted. Cool, dissolve the 
melt in cold watery and filter. Wash the residue from the filler paper with a 
small amount of water, add about 1 ml. of cone, HCl and heat to nearly boiling 
for a few minutes. Filter and add the cold filtrate to that from the other opera- 
tions. 

Add the clear filtrates from all operations together and treat by P-1, or if 
the sample is a mixture, the solutions obtained by the different treatments 
may be analyzed separately. This will assist in the identification of the va- 
rious mineral constituents. 

If the Na2C03 fusion is made on the original substance before any treat- 
ment with acids, it should be observed closely for color reactions and metallic 
beads which indicate certain metals by their color and tenacity, as follows: 

Malleable: Silver, Ag; white. Tin, Sn; white. Lead, Pb; gray. Gold, Au; yel- 
low. Copper, Cu ; red. 

Brittle: Antimony, Sb; white. Bismuth, Bi; reddish- white. 

The color of the fusion also indicates the following: Manganese, Mn; 
bluish-green. Chromium, Cr; yellow. 

Silica, Si02, is indicated by effervescence (giving off bubbles). 

If it is evident that the sample is a silicate, the treatment w'ith acids may be 
omitted and one may proceed directly with the Na2C03 fusion. 

The addition of the filtrates from KHSO4 fusion to that from the pre- 
vious operations will precipitate. Pb, Ba and Sr as sulfates. Calcium will be 
partially precipitated in neutral or alkaline solutions and antimony and bis- 
muth may be partially precipitated by hydrolysis on dilution of the solution. 

In case the KHSO4 fusion is to be used, it is well to test for and, if present, 
precipitate the silver group by P-1 from the solution of the other operations 
before adding the filtrates from the KHSO4 fusion. If this is done, any pre- 
cipitate formed will be only Ba, Sr and Ca sulfate, and Sb and Bi oxychlorides 
or oxynitrates. 

The undissolved residue may still contain small amounts of Sb, Sn and Cr 
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but they are not tested for here as they will appear in much greater quantities 
at other points in the analytical procedure. Cassiterite (SnC)2), however, may 
be only partially decomposed and dissolved. 

Tungsten, columbium and tantalum^ if present, remain with the silica 
as acid-insoluble residues. 

Tungsten, W, remains in the residue as acid-insoluble canary-yellow WC^* 

Treat the residue with warm NH4OH and filter. Tungsten goes into solution. 

To a portion of this solution add HCl until acid, then metallic tin, and boil. 
If W is present, the solution will become blue, then brown. Zinc gives purple, 
then reddish-brown. 

To another portion add HCl and boil. W gives a yellow precripitate of WO3 
that is soluble in NH4OH and NaOH. Adding tin and boiling gives blue, then 
brown. 

Evaporate another portion nearly to dryness and add a drop of stannous 
chloride (SnCl2). A flocculent deep blue precipitate of W2O5 XWO3 is obtained. 

Place a drop of the NH4OH solution of the residue on three different pieces 
of filter paper. 

To one add a drop of cone. HCl, and warm. Tungsten gives a yellow colora- 
tion. 

To another add a drop of SnCl2. Tungsten gives a blue color. 

To the third add (NH4)2S, Tungsten gives no reaction in the cold, but on 
warming the paper becomes green or blue. 

Fusion of a tungsten mineral with NaaCOg and extraction with water (no 
acid) gives a solution of sodium tungstate on which the above tests may be 
made. Molybdenum also goes into solution as sodium molybdate. 

Place a little of the finely ground mineral in a porcelain dish, add a little 
cone. HCl then metallic zinc and boil for a few minutes. If tungsten is present 
a purple then reddish-brown color will develop. With small amounts, the color 
will appear as a ring around the dish. Dilution with water does not destroy 
the color (difference from columbium). Ti, Cb, V, Mo, Ru and U also give 
color reactions with this test. ^ 

With borax in the O.F., W gives a bead that is colorless to yellow while 
hot and colorle.ss wh^n cold ; in the R.F. it is colorless while hot and yellowish- 
brown when cold. 

With S.Ph., in the O.F., the bead is pale yellow while hot and colorless when 
cold; in the R.F., it is dirty blue while hot and fine blue when cold and becomes 
blood-red on the addition of a little FeS04 or dark green on long blowing with 
tin on coal. 

Make several S.Ph. beads with the mineral or residue and dissolve in HCT. 
Add metallic tin and heat. If tungsten is present the solution will become dark 
blue. Dilute with water. If the color is due to tungsten it will persist; if due to 
columbium it will disappear. If zinc is used instead of tin, the color will be 
purple, then reddish-brown. 
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By treating the insoluble resicljae with NH4OH, warming, filtering and wash- 
ing, the tungsten is dissolved, leaving the columbium and tantalum with the 
silica. 

Columbium, Gb, (Niobium, Nb). The residue after the removal of the 
tungsten with NH4OH may be freed of silica by fusing with solid NaOH in 
an iron crucible, dissolving in water (without acid) and filtering. Sodium 
silicate is soluble, but the sodium coiumbate and sodium tantalate are insol- 
uble in an excess of NaOH. 

If this residue is carefully treated with dilute HCl, the precipitate formed 
at first is entirely soluble if it is Cb, but only partially soluble if it is Ta, 

The freshly precipitated hydrous oxide of columbium is substantially in- 
soluble in boiling cone. HCl but if the acid is decanted off and water is added 
to the moist residue it passes into solution. Tantalum is only partially soluble. 

To the freshly precipitated hydrous oxide add dilute HCl and an equal 
volume of H2O2 and boil. Columbium gives a clear solution, tantalum is only 
partially soluble and tungsten is insoluble. 

Place a little of the finely ground mineral in a porcelain dish, treat with 
cone. H2SO4, evaporate to dryness then add a little cone. HCl and metallic 
tin, and boil for a few minutes. If columbium is present a deep blue color will 
develop. With small amounts the color will ap[.>ear as a blue ring around the 
dish. Dilution with water destroys the color (difference from tungsten). Ti, 
W, V, Mo, Ru and U also give color reactions w^itli this test. 

Columbic acid (Cb205) is infusible. 

Columbium and tantalum will go into solution if the KHwS04 melt is dis- 
solved in a hot 30% solution of tartaric acid. Boiling with of its volume of 
cone. HCl throw^s down CbsOr, and TaaOf, as white, flocculent precipitates. 
Tungsten is precipitated (yellow) only from concentrated solutions. 

Columbium in the residue is soluble in hot cone. H2SO4 and the cold solu- 
tion remains clear on being diluted with cold water (difference from tantalum). 
On boiling, a white precipitate is formed. 

Treat the residue (after the removal of the tungsten) with cone. H2SO4, 
heat to fuming and cool; dilute with cold water; add metallic zinc, and heat. 
If a deep blue color develops, dilute with water. If the color is due to colum- 
bium it will disappear; if due to tungsten it will persist. The original color 
produced by both elements is very similar. 

The S.Ph. bead in the O.F. is pale yellow while hot and colorless when cold; 
in the R.F. it is blue-violet or browm (according to the amount present) and is 
changed to blood-rcd on the addition of ^"0804. 

Tantalum, Ta. Treat the residue with cone. H2SO4 and heat to fuming. 
Cool and dilute with cold water, A colorless precipitate indicates Tantalum. 

Tantalic acid (Ta20fi) is infusible. 

The S.Ph. boad treated with Ta305, remains colorless in both flames. The 
addition of FeS04 does not form a blood-red color (difference from Ti and Cb). 
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Procedure 1 

Add a few drops of HCI to the solution of the mineral. A white precipitate 
indicates the silver group, [Ag, Hg(ous), Pb, TJ(ous)], and any one or all 
may be present. If no precipitate forms, all are absent. Treat the solutionby P-3. 

If there is a precipitate, add HCI to complete precipitation, filter and wash 
with a little water. Treat the precipitate by P-2 and the filtrated by P-3 or, 
if the oxalic acid and zirconium groups are not to be tested for, by P-8. 

The treatment given in this group test completely precipitates silver but 
divalent mercury and trivalent thallium are not thrown down. Very small 
amounts of thallous thallium and lead also may not show. 

A separation of the common elements of this group may be made by wash- 
ing the precipitate from the filter pajier into a beaker, adding 10 ml. of water, 
heating to boiling and filtering. Lead chloride is soluble in hot water and will 
pass into the filtrate from which it will recrystallize on cooling. Wash tlie resi- 
due from the filter paper and treat with 5 ml. of cone, ammonia. Filter. Silver 
chloride is dissolved and passe.s into the filtrate from which it may be repre- 
cipitated by acidifying with nitric acid. The mercury remains as a residue. 

Procedure 2 

Mix 1 part of the dried residue or precipitate from P-1 with 3 parts of the 
fluxes and heat gently with the oxidizing flame on the plaster tablet. The va- 
rious members of the group give the following reactions: 

IODIDE FLUX 


Color of C'oat 

Lead, Pb. Chrome-yellow coat, 
darker while hot. often covering the 
entire tablet. 

Mercury, Hg. If heated gently, a 
bright scarlet, very volatile coat 
with yellow fringes is formed. 

Silver, Ag. Slightly yellowish coat 
near the assay. Requires intense 
heat. 

Thallium, Tl. Orange-yellow film 
near the assay, with purplish, black 
band far away. The entire coat fi- 
nally becomes yellow. 


Remarks 

A drop of yellow ammonium sulfide 
[(NH. 4 ) 2 S:r] applied to the film, 
yields a black vSi;x)t, often surrounded 
by a reddish cloud. 

If heated too strongly, the coat is pale 
yellow or greenish-yellow and black. 

When touched with the R.F., it be- 
comes pinkish-brown and some- 
what mottled. 

Yellow ammonium sulfide [(NH 4 ) 2 SJ 
changes the coat to chocolate brown. 
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nROMlDE FLUX 


Color of Coat 

Lead, Pb. Small canary-yellow film. 
Quite volatile. 

Mercury, Hg. Gives a faint yellow, 
very volatile coat. 

Silver, Ag. Gives an indistinct, slightly 
yellowish coat near the assay. Re- 
quires intense heat. 


Thallium, Tl. Gives a red dish -orange 
coat at some distance from the as- 
say; surrounded by a slight lemon- 
yellow film. The reddish coat disap- 
pears on standing, leaving only the 
lemon-yellow film. Both are quite 
volatile. 


Remarks 

A drop of (NH4)2S« placed beyond 
the point where the film is visible 
gives a black spot surrounded by a 
reddish-brown cioud. 

A drop of (NH4)2Sa. applied tl) the 
film gives a black spot. 

Treated with the R.F., the coat be- 
comes mottled yellowish-browm and 
may be developed over a consider- 
able part of the tablet. (NH4)2Si 
causes no change. 

A drop of (NH4)2Sa; gives a brown 
spot with a darker border. NH4OH 
dissolves both coats. 


CHROMATE FLUX 


Color of Coat 

Lead, Pb. Black near the assay and 
brown far away. Some traces of 
white may show. 

Mercury, Hg. The coat is shiny black 
near the assay, with a small brown- 
ish-yellow band next and gray far 
away. The coat is volatile. 

Silver, Ag. The coat is brown to yel- 
lowish anti near the assay. Requires 
high heat. 

Thallium, Tl. The coat is reddish- 
broAvn to greenish-yellow, and near 
the assay. Quite volatile. The flame 
is colored green. 


Remarks 

A drop of (NH4)2Sy gives a black 
spot and reddish cloud where no 
coat was visible before. 

A drop of (NH4)2Saj gives a dark ring. 


Treated with the R.F. it becomes 
more prominent. fNH4)2Sx causes 
no change. 

A drop of (NH4)2 Sx gives a shiny 
blackish-brown spot with a darker 
border. 
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REACTIONS ON CHARCOAL 

Per se With the Fluxes 


Lead, Pb. In either flame, lead com- 
pounds (except the phosphates 
which require a flux) are reduced to 
metallic lead and yield, near the as- 
say, a dark yellow Coat which be- 
comes sulfur-yellow when cold and 
has a bluish-white border. Touched 
with the R.F., the coating disap- 
pears, tinging the flame azure-blue. 


Mercury, Hg. Some mercury com- 
pounds volatilize without decompo- 
sition but most of them are reduced 
and decomposed and yield a gray- 
ish-white coat that is very volatile. 
It consists of metallic mercury and 
will collect into globules if rubbed, 

Silver, Ag. All silver compounds arc 
reduced to a white malleable bead 
of the metal. On long treiatmenl 
with the O.F. , a faint reddish-brown 
coat of the oxide is formed. 

Thallium, Tl. The O.F. yields a 
white, very volatile coat of TI2O 
that is mostly distant from (he as- 
say. Treated with the R.F., the sub- 
limate volatilizes, coloring the flame 
emerald-green. 


Iodide flux* The coat is greenish- 
yellow, darker while hot, brown 
near the assay. The flame is colored 
azure-blue. 

Bromide flux. The coat is whitish- 
gray, volatile and some distance 
from the assay. Touched with the 
R.F., the coat disappears, tinging 
the flame azure-blue. 

Chromate flux. The coat is yellow- 
ish-white and volatile. It is not ver>^ 
prominent and is formed at some 
distance from the assay. Treated 
with the R.F., it disappears, ting- 
ing the flame azure- bine. 

Iodide flux. Yields only a faint yel- 
low coat. 

Bromide flux. A slight yellowish- 
white, very volatile coat is devel- 
oped at considerable distance from 
the afBsay. 

Chromate flux. Gives a very slight, 
extremely volatile gray coat. 

With the fluxes no special coating is 
formed. On long intense heating 
with the O.F., a faint reddish-brown 
coat of silver oxide is formed. 

Iodide flux. The coat is lemon-yellow 
and is darker and brownish near 
the assay. 

Bromide flux. Yields a yellowish coat 
at a considerable distance from the 
assay, with a slight whiti£;h film be- 
yond and a faint white one nearer 
theassay . The flame is colored green. 

Chromate flux. Gives a small yel- 
lowish-white coat near the assay, 
with a faint white one beyond. The 
flame is colored green. 
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adUitional tests 

Lead, Pb. With borax and S,Ph. the beads in the O.F. are yellow while hot 
and colorless when cold. They can be flamed opaque. With the R.F. the borax 
bead becomes clear and the S.Ph. bead cloudy. 

The precipitate formed by HCl (PbCl2) is soluble in hot water but recrys- 
tallizes on cooling to acicular crystals with an adamantine luster. 

K2Cr()4 precipitates yellow PbCr04 from neutral or faintly acetic acid solu- 
tions, soluble in mineral acids and alkalies. Silver gives a red precipitate. 

Potassium iodide (KI) precipitates yellow Pbl2. 

H2SO4 gives a white precipitate of PbS04 very sparingly soluble in weak acids 
but soluble in hot HNO3. 

Mercury, Hg. To confirm mercury, mix a small amount of the precipitate 
or powdered mineral with an equal amount of soda and heat gently in the C.T. 
If Hg is present, a mirror-like sublimate of metallic mercury will be formed, 
which will collect in small globules if rubbed with a match stick. 

Most Hg compounds, if rubbed on bright copper in the presence of HCl, 
will coat the copper with mercury, forming a white amalgam. 

Mercuric iodide heated in the C.T. yields a yellow sublimate that turns red 
on being rubbed. 

In the open tube, a crystal of iodine just above the sample will form a bright 
red sublimate of mercuric iodide if mercury is present. 

Silver, Ag. If there is an indication of silver, treat a small amount of the 
precipitate with NH4OH in the cold and filter. To the clear filtrate add HNO3 
until acid. A white, curdy precipitate that will redissolve on making alkaline 
with NH4OH shows the prestmcc of silver, 

Pota.ssium iodide (KI) precipitates yellow Agl soluble in NH4OH. 

K2Cr04 gives a red precipitate of Ag2CrC)4. Lead gives a yedlow precipitate. 

Treat the precipitate with NH4OH; filler, place a drop of the filtrate on 
filter paper or the sfiot plate and add a drop of stannous chloride (SnCI^) 
solution. A black coloration or spot will be formed if silver is present. 

Thallium, Tl, occurs in nature very sparingly. 

Only the (ous) thallium is precipitated by HCl, thallic chloride (TICI3) 
being soluble but decomposes at 100°C to TlCl and chlorine so that if the 
solution is boiled after adding HCl, all but very small amounts of the thallium 
is precipitated. 

The S.Ph. bead is colorless in both flames and the addition of FeS04 does 
not cause the formation of a blood-red color (difference from Ti and Cb). 

KI precipitates yellow thallous iodide (Til) which becomes green on stand- 
ing, from even the most dilute solutions. This is the most sensitive test for 
thallium. Use an H2SO4 solution. 

Alkali chromates precipitate yellow TICr04 insoluble in cold dilute HNOs 
and H2SO4. 
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Alkali carbonates cause precipitation only in very concentrated solutions 
(S parts of TI2CO3 dissolving in 100 parts of water). If it is desired to test for 
T 1 it is best to use a separate portion of the solution of the sample and add 
(NH4)aC03 to complete precipitation; filter, make the filtrate slightly acid 
with HCl and boil. This removes all but a very small amount of the other 
members of the silver group and the precipitate with HCl will be principally 
TICI. 

Procedure 3 

The filtrate from P-1 is made nearly neutral by adding NH4OH drop by 
drop till the precipitate formed barely dissolves, or by testing for neutrality 
with litmus paper, then adding 1 ml. of cone. HCl. The total volume should be 
about 25 ml., which gives an approximately 0.5N HCl solution. 

To 1 ml. of this slightly acid solution add 5 drops of a saturated solution of 
oxalic acid (H2C2O4), heat to nearly boiling and allow to stand for some time. 
If no precipitate forms, heat again and let stand. If a positive test is obtained, 
add to the remainder of the solution 5 ml. of the saturated oxalic acid solution. 
Do not boil but keep quite warm for about 1 hour and let stand, overnight 
if possible. A precipitote indicates the oxalic acid group (Th, Sc, the R.E. 
groups and Au) and any one or all may be present. If no precipitate forms ^ 
all are absent. 

If large quantities of the calcium group are present, Ca and to a lesser ex- 
tent, Sr and Ba may be partially precipitated, thus giving a false indication 
of the group. Zinc and cobalt may also be precipitated in small amounts if a 
considerable amount is present. 

If a po.sitive test was not obtained and the entire solution has not been treated 
with the oxalic acid, treat the solution by P--6. 

If a precipitate forms, filter, treat the precipitate by P^, and the filtrate 
by P-S. 

Procedure 4 

The precipitate from P-3 is washed from the filter paper, treated with a few 
drops of cone. HNO3, evaporated to dryness and gently ignited to destroy 
the oxalate radical; treated with cone. HCl, evaporated to dryness, again 
treated with cone, HCl and evaporated almost to dryness, dissolved in a small 
amount of water and a few drops of cone. HCl. 

Any gold in the precipitate will not be dissolved by this treatment but will 
remain as a brown or black re.sidue. If Au is indicated, the solution is filtered, 
the filter paper incineraterJ, the ash treated eis under the cupellation test in 
chapter six and the gold recovered as a bright bead, or it may be put into 
solution and tested for as directed below. 

The clear filtrate or solution is made alkaline with NH4OH. A precipitate 
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indicates thorium, scandium, and the rare earths, as the members of the 
Ca group are not precipitated and Zn and Co hydroxides are soluble in an 
excess of ammonia and ammonium chloride. //■ no precipitate forms ^ all are 
absent. 

If a precipitate formed, filter. The filtrate may be tested for Ca, Ba, Sr, 
Co and Zn if desired, then rejected. Wash the precipitate from the filter paper, 
dissolve in a small amount of water and HCl, then add NH4()H until the 
solution is almost neutral. To the very weakly acid solution add sodium 
thiosulfate (Na2S203), and boil. A precipitate indicates thorium and scan- 
dium. Either or both may be present. If no precipitate forms, both are absent. 

Strongly ignited thorium oxide is not soluble in HCl or HNO3 and is soluble 
in cone. H2SO4 only after long boiling. 

On treatment with NaaS^Oa, sulfur is often liberated, which may be mistaktMi 
for the Th, Sc precipitate. 

If a precipitate forms, filter, and saturate the filtrate with sodium sulfate 
(Na2S04). A white or light colored precipitate indicates the cerium group 
(Ce, La, Pr, Nd, II, Sm) and anyone or all maybe present. If no precipitate 
forms, all are absent. 

If a precipitate was formed, filter and make the filtrate alkaline with 
NH4OH. A precipitate indicates the yttrium group (Y, Eu, Tb, Ho, Dy, 
Gd, Er, Tm, Yb, Lu) and any one or all may be present. If no precipitate 
forms, all are absent. 

A few tests for some of the members of the oxalic acid group arc given below, 
but as there are no simple tests for the various members of the rare earth 
groups, for further identificalioii consult texts on i^dvanccd qualitative 
analysis. 

ADDITIONAL TESTS 

Thorium, Th. Dissolve a portion of the Th, Sc precipitate in HNO3 and a 
little water (there must be no HCl present), evaporate to dryness carefully, 
add 1 ml. of water and 2 ml. of the potassium iodate reagent and heat to boiling. 
Thorium is thrown down as a white, bulky precipitate. Scandium remains in 
solution, from which it may be precipitated by making alkaline with NH46H. 

Dissolve a portion of the Th, Sc: precipitate in HCl and a little water. Place 
a drop of this solution and 2 drops of quinalizariiie on the spot plate and mix, 
then add 1 drop of 20% NaOH solution. Thorium gives a blue color or precipi- 
tate quite distinct from the blue- violet of the blank which should be run at 
the same time. The quinalizariiie reagent is decomposed by the iodate 
precipitate. 

H2Q2 added to a hot neutral solution or one only faintly acid with HNO3 
or H2SO4 or to an ammonium carbonate solution, causes all of the thorium to 
be precipitated as white, hydrated thorium pcToxide. 

Scandium, Sc. Dissolve a portion of the Th, Sc precipitate in HCl and 
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carefully evaporate to dryness. Take up with 1 ml. of water and add dropwise 
to 1 ml. of boiling 20% ammonium tartrate [(NH 4)20411406] solution. Boil for 
several minutes, adding NH4OH occasionally. Allow to stand and cool. 
Scandium gives a crystalline precipitate; thorium remains in solution. 

H2O2 prevents the precipitation of Sc by Na2HP04 from weakly acid 
solutions. Destroying the H2O2 by adding Na2S03 causes the scandium 
phosphate to be precipitated (similar to titanium). 

Cerium, Ce. Dissolve a portion of the precipitate of the cerium group in 
the minimum amount of HCl and water. 

Place a drop of this solution on filter paj^T or the spot plate; add a drop of 
water, a drop of dilute NaOH and a drop of benzidine solution. Cerium gives 
a blue coloration. Mn, Co, Cu, Ag, T1 and the chromates give the same reaction, 
but as these should not be present the test indicates cerium. 

To another drop of the HCl solution of the precipitate on filter paper or the 
spot plate add a drop of phosphomolybdic acidi then a drop of 20% NaOH. 
Cerium gives a blue color or precipitate. None of the other members of the 
R.E. groups give this reaction, 

H2()2 added to an acid solution reduces ceric to ccrous salts. If a cerous salt 
is precipitated with NH4OH and an excess of H2O2 added a reddish-brown 
j)recipitate of perceric hydroxide (Ce02*nH20) is obtained, which on boiling is 
changed to^pure yellow Ce(OH)4. 

The borax bead in the O.F. is dark brown while hot and light yellow when 
cold; in the R.F. the bead is colorless both hot and cold but if heated strongly 
Ct02 will remain suspended in the bead and give it a turbid, yellowish 
appearance. 

Lanthanum, La, Neodymium, Nd, Praseodymium, Pr, and Cerium, 

Ce, all give a blue lake with quinalizariiic. 

Place a drop of an HCl solution of the Cc group precipitate and 2 drops of 
quinalizarine on the sjxH plate and then add 1 drop of 20% NaOH. A blue 
color or precipitate indicates La, Nd, Pr, or Ce. A blank should be run at the 
same time. The blue of these elements is quite divStiJict from the blue-violet of 
the blank. If cerium his not hem found by the foregoing tests, this test indicates 
La, Nd or Pr. 

Didymium, Di (a mixture of praseodymium and neodymium). With borax 
and S.Ph., in both the O.F. and R.F., either hot or cold, the bcrads are pale rose 

Erbium, Er. Colors the flame a distinct green. 

The color of the solutions of the rare earths give some indication of their 
identity. La, Cc(ous), Gd, Tb, Y, Yb and Lu solutions are colorless. Eu gives 
a very light pink solution, Er gives a deeper pink, Nd is reddish- violet, Sm 
and Ho give yellow solutions, Ce(ic) is deep reddish-orange, and Pr, Dy, and 
Tm give green solutions. 

Ce, La, Nd, Y, Pr, Sm and Er occur in greater abundance, decreasing ap- 
proximately in this order. 
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Gold, Au. To test the residue after the re-solution of the precipitate in the 
first part of P-4, dissolve in aqua regia, evaporate to a small volume, add cone. 
HCl and again evaporate until only a drop or two remains, and add a few 
drops of water. 

Place a drop of this solution on filter paper or the spot plate and add a drop 
of benzidine reagent. A blue color indicates gold. 

Place another drop on filter paper or the spot plate and add SnCl2 reagent. 
Dark brown metallic gold or the "purple of cassius" is formed if Aa is present. 

Another drop is placed on the spot plate and treated with a drop of NaOH 
and a drop or two of H2()2- If Au is present a precipitate of finely divided 
metal is thrown down. This appears brownish-black by reflected light and 
bluish-green by transmitted light. With very dilute solutions the liquid is 
reddish wdth a bluish shimmer. 

Evaporate a drop of the solution on the end of a ver>^ small glass rod or 
tube, then fuse into a small ball*. Gold will give a red color to the glass. 

Zinc, iron, copjxir and the other base metals precipitate gold from solution. 

All gold compounds give a yellow malleable button of free gold if treated 
with soda on coal. 

Gold treated per se on the plaster tablet, with high heat, gives a purplish 
to rose colored coat near the assay. 

Mercury, if ground with an ore containing free gold or used in the pan 
while panning, will form an amalgam with it. The gold may be separated 
from the mercury in the amalgam by dissolving the Hg in dilute HNO3 or b> 
straining through a chamois skin, placing the solid that remains in a crucible 
and heating, 1'he old miners used their frying pans. As Hg vapors are poison- 
ous, a half potato, turnip or onion, hollowed out to allow for the amalgam, is 
placed over it during heating. This condenses and holds the mercury and 
leaves the gold as a yellow, spongy mass. 

If an ore contains only a small amount of gold or is in a very fine state, the 
cupellation test (fire assay) should be used. This is given in Chapter VI. 

Procedure 5 

The oxalic acid in the filtrate from P-3 must be destroyed before proceed- 
ing with the analysis. Evaporate to dryness; treat the residue with cone. HNO3. 
evaporate to dryness and ignite. Moisten the residue with cone. HCl, evapo- 
rate to dryness; again moisten with cone. HCl, evaporate almost to dryness, 
and dissolve in water. 

The solution and residues are treated together by P-6. 

To ignite a substance, place it in a porcelain dish or crucible and heat over 
a flame to dull redness. 

Complete solution may not be obtained, for titanium may be converted to 
Ti(0H)4, and antimony and bismuth may be changed to the oxychlorides 
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or oxides, all of which are difficultly soluble in weak acids. Some iron may also 
remain as the difficultly soluble oxide, coloring the residue brown. 

Procedure 6 

The mixture of the solution and residue from P-S is heated to boiling and 
made alkaline with NH4OH. On heating, a precipitate sometimes forms be- 
fore the addition of the ammonia. Make barely acid with HCI, then add 1 
drop of cone. HCI for each 2 ml. of the solution. A white flocculent precipi- 
tate indicates the zirconium group (Zr,Ti,Sb,Bi), and any one or all may 
be present. Complete solution of all the precipitate shows that all are absent. 
Treat the solution by P-8. 

If a precipitate remains undissolved, filter, treat the precipitate by P-7 
and the filtrate by P 8. 

The solution is not boiled after making alkaline, because aluminum hy- 
droxide becomes quite insoluble on long boiling and may give a false indication 
of the Zr group. 

The iron precipitate from P~S may color the precipitate brown or obscure it 
entirely. On boiling, the SbOCl may be in part changed to the oxide, Sb204, 
which is practically insoluble in acids. 

Palladium, rhodium and possibly some of the other platinum metals may 
be partially precipitated if they are fairly concentrate;d. 

A very small amount of Zr and Ti may remain in the filtrate and reappear 
in the iron group, and the Sb and Bi that remain in the solution will be pre- 
cipitated with the H2S group. 


Procedure 7 

The precipitate from P-6 is washed from the filter paper, evaporated to 
dryness and treated with cone. H2SO4. Heat till only a drop or two of the 
acid remains, cool, dilute with water to about 10 ml., filter, add 3 ml. of 3% 
H2O2 and a little sodium phosphate (Na2HPG4). A white precipitate indi- 
cates zirconium. If no precipitate forms, Zr is absent. If a precipitate forms 
and further identification is desired, filter and subject the precipitate to the 
Zr tests given below. 

Titanium gives a reddish-yellow to deep amber color with H2O3. If the 
solution or filtrate is colorless, Ti is absent. This color reaction should be suffi- 
cient evidence of the presence of Ti. If it is desired to precipitate the titanium, 
the filtrate from the precipitation of the Zr is treated with 1 ml. of dry sodium 
sulfite (Na2S03). A white precipitate indicates titanium. If no precipitate or 
only a faint cloud forms, Ti is absent. If a precipitate was formed and further 
confirmation is desired, filter and submit the precipitate to the tests for Ti 
given below. 

Test the filtrate from the precipitation of Zr and Ti for iron; then the fil- 
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tratc and any residue from the hrsL part of the procedure are treated together 
by P-8. A precipitate indicates antimony^ bismuth and. possibly palladium, 
rhodium, or any of the platinum metals. No precipitate indicates that all 
are absent. If a precipitate forms, filter, reject the filtrate and treat the dried 
precipitate with the fluxes as directed in P-ID. 

The phosphates of Zr and Ti are very difficultly soluble; if further tests are 
to be made, they are rendered soluble in acids by boiling with NaOH and 
filtering. The PO4 is removed in the filtrate. 

There are no simple tests for palladium, rhodium, or the platinum metals! 
However, they may be recovered as metal by cufiellation. See Fire Assay for 
gold and silver. Chapter VI. 

The hydroxides of Zr and Ti, when precipitated in. the cold, are readily 
soluble in dilute acids but when precipitated from boiling solutions, they are 
very difficultly soluble. 

Zirconium and titanium are the only elements precipitated from strong 
acid solutions by Na 2 HP 04 . 


ADDITIONAL TESTS 

Zirconium, Zr. Zirconium oxide {ZrO%) is infusible. 

Dissolve a iX)rtion of the zirconium precipitate in HCl and a little water. 
Place a drop of this solution and two drops of quinalizarine on the spot plate 
and mix, then add one drop of 20% NaOH. Zirconium gives a blue color or 
precipitate quite distinct from the blue- violet of the blank which should be 
run at the same time. Ti, Sb, and Bi do not give this cojor reaction or precipi- 
tate. 

Fuse some of the powdered mineral or precipitate with soda on the Pt. foil 
or make several beads. Dissolve in HCl. Mousten a piece of turmeric paper 
with this solution or the one above, and allow to dry. If Zr is present, the 
paper will be turned orange or reddish-brown. (Difference from thorium.) 
Borates and titanium give the same test and their absence must be deter- 
mined. They should not be presemt in the precipitate. 

Zirconium gives no reactions with the beads. 

Titanium, Ti. Titanium minerals are almost insoluble in acids. 

Boil a little of the finely pulverized mineral wdth cone. HCl; filter, place the 
filtrate in a porcelain dish, add a little cone. HCl and metallic zinc and boil 
for a few minutes. If titanium is present a blue-violet color will develop. With 
small amounts the color may appear as a blue ring around the dish. W, Cb, 
V, Mo, Ru and U also give color reactions. 

Fuse the pulverized mineral with soda on the Pt. foil or make several beads. 
Dissolve this fusion or the residue, or several of the beads, in the least amount 
of HCl and heat the solution with metallic zinc or tin. The solution should be 
fairly concentrated. If Ti is present, the liquid will become blue-violet or blue 
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after a time, and subsequently a blue precipitate which turns white, will 
form. 

Fuse some of the precipitate or powdered mineral with KHSO4, dissolve in 
water and add hydrogen peroxide (H2O2). If titanium is present, the solution 
will become reddish-yellow to deep amber. Chromates, vanadates, molybdates 
and ceric salts also give color reactions with H2O2. 

With borax in the O.F., Ti gives a bead that is pale yellow while hot and 
colorless when cold; in the R.F. it is grayish while hot and brownish- violet 
when cold, becoming enamel blue on flaming. 

With S.Ph., in the O.F., the bead is pale yellow while hot and colorless when 
cold; in the R.F. the bead is yellow while hot and delicate violet when cold. 

If tin is added to the borax or S.Ph. bead containing Ti which has been 
treated in the reducing flame, the violet color appears more quickly. If iron 
is added the bead becomes brownish-red. 

Bismuth, Bi. The tests for this element will be found under P-10. 

Antimony, Sb. The tests for this element will be found under P-12. 

Procedure 8 

The filtrate from P-6 or, if the oxalic and zirconium groups are not to be 
tested for, from P-1, should be only weakly acid. The correct acidity is ob- 
tained by adding NH4OH dropwdse till the precipitate formed barely dis- 
solves, or by testing for neutrality with litmus paixir, then adding 1 drop of 
cone. HCl for each 2 ml. of the solution, i.e., for 20 ml. of solution (after it has 
been made neutral) add 10 drops of cone, HCl. This gives an approximately 
0.03N HCl solution. 

Heat to nearly boiling and pass in H2S for several minutes. Filter and test 
the filtrate with H2S. A precipitate indicates the copper group (Cu, Pb, Cd. 
Bi, Pd, Rh, Os, Re. Pn) and/or the tin group (Sn, Hg(ic), As,Sb, Mo, Se, Te, 
Pt, Ir, Ge, Ru) and any one or all may be present. // no precipitate forms, all 
are absent. Treat the solution by P-13. 

If a precipitate forms, filter, treat the precipitate by P-9 and the filtrate by 
P-13. 

It is best to heat the filtrate to nearly boiling and again pass in hydrogen 
sulfide to make sure that the precipitation is complete (with the exception of 
molybdenum). It is almost impossible to get complete precipitation of molyb- 
denum under these conditions; if the solution has turned blue and a brown 
precipitate was obtained on the second and subsequent additions of H2S, 
molybdenum is Indicated. Vanadium gives a blue solution but no pre- 
cipitate. If Mo is indicated, do not attempt to completely precipitate it. &e P-21 
for further treatment of molybdenum and vanadium. 

The formation of a white precipitate on diluting or reducing the acidity of 
the solution shows the presence of considerable antimony and/ or bismuth. The 
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precifiitate, which consists of SbOCl and/or BiOCl, need not be filtered off, as 
these substances are converted to sulfide by the hydrog:en sulfide. 

Care must be taken in the above procedure, as sulfur is easily thrown down 
as a white precipitate ^.nd the analyst is apt to consider this a precipitate of 
the group. 

If the precipitation of gold was not complete in P- 3 , or Pd and Rh in P-6, 
it will appear in this group. 

If the acidity is too low, indium may be partially precipitated and may be 
found in both the tin and copper groups. 

The treatment in P-6 may tend to form amines with the platinum metals, 
which may prevent their complete precipitation by the hydrogen sulfide. 

Procedure 9 

Transfer the precipitate froni P-8 to a beaker or casserole, add 5 ml. of the 
Na2S reagent and warm gently for about 3 minutes with constant agitation. 
Add S ml. of water, mix and filter. A residue indicates the copper group (Cu, 
Pb, Bi, Cd, Pd, Rh, Os, Re, Po) and any one or all may be present. No residue 
shows that all are absent. Treat the solution by P- 11 . 

If a further separation of the common elements is desired, treat the residue 
with a mixture of 1 part cone. HNO3 and 4 parts water and boil for 2 or 3 
minutes while stirring. Filter, treat the filtrate with 1 nil. of cone. H2SO4, 
evaporate to strong fuming, cool and dilute with water. Lead is precipitated 
as white, PbS04. Filter and make the filtrate strongly alkaline with NH4OH. 
Bismuth is precipitated as white, Bi(0H)3. Filter. A blue filtrate indicates 
copper. Treat the filtrate by P-8. Copper and cadmiufn are reprecipitated as 
sulfides. Filter and reject the filtrate. Treat the precipitate with a mixture of 
1 part cone. HCl and 3 parts water and heat slowly to boiling while stirring. 
CdS is dissolved, leaving the CuS as a black residue. Filter and make the 
filtrate alkaline with Na2C03. Cadmium is precipitated as white, basic car- 
bonate. This may be greenish-blue from a small amount of copper. 

Treat the residue by P-10 and the filtrate from the treatment with the 
Na2S reagent by P- 11 . 

As Au, Pt and Ir sulfides are not readily soluble in the Na2S reagent, a por- 
tion may remain with the copper group. 

There are no simple tests for the various platinum metals; for further identi- 
fication the student is referred to texts on advanced qualitative analysis. 

Procedure 10 

Mix 1 volume of the dried residue from P -9 with 3 volumes of the fluxes 
and treat with the O.F. on the plaster tablet. The various members of the 
group react as follows: 
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IODIDE FLUX 

Color of Coat Remarks 


Lead, Pb. Chrome-yellow coat, 
darker while hot, often covering the 
entire tablet. 

Bismuth* Bi. Chocolate-brown coat 
with underlying crimson and yel- 
lowish on the outer edge. 

Copper, Cu. Very slight lemon-yellow 
coat. 

Cadmium, Cd. Orange-yellow coat 
near the assay. 


A drop of (NH4)2Sa. applied to the 
film yields a black spot, often sur- 
rounded by a reddish cloud. 

Subjected to NH4OH fumes, the 
brown coating changes to orange- 
yellow then cherry-red. 

(NH4)2Sa. gives a light brown ring' 
and darkens the coat around it. 

(NH4)2S* gives a slight yellowish 
gray spot with a lemon-yellow 
border. 


BROMIDE FLUX 


Color of coat 

Lead, Pb, Forms a small, quite vola- 
tile canary-yellow film. 


Bismuth, Bi. Near the assay, a 
brownish-black to red coat. Far- 
ther away the coat is canary-yellow 
and at a distance a brown border 
develops. 

Copper, Cu. Gives a brownish to yel- 
low coat near the assay with a slight 
purplish band far away. 

Cadmium, Cd. Gives a lemon-yellow 
coat near the assay. 


Remarks 

(NH4)2Sa: placcd beyond the point 
where the film is visible gives a 
black spot surrounded by a reddish 
cloud. 

A drop of (NH4)2Sa; forms a black 
spot surrounded by a brownish 
haze. NH4OH has no effect. 


The assay is greenish and* the flame 
is colored blue. (NH4)2S* gives a 
brown ring. 

(NH4)2Sa, gives a slight grayish spot. 
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CHROMATE FLUX 

Color of Coat 


Lead, Pb. The coat is black near the 
assay and brown far away.. Traces 
of white may show in some places. 

Bismuth, Bi. The coat is dark brown 
near the assay and light brown far 
away. 

Cadmium, Cd. Gives a coat near the 
assay, red while hot and lemon- 
yell omt when cold. 

Copper, Cu. None. 


Remarks 

(NH4)2Sj, gives a black spot and red- 
dish cloud where no coat was vis- 
ible before. 

(NH4)2Sj; forms a deeper brown spot. 


(NH4)2Sa; gives a light yellow spot. 


REACTION.S ON CHARCOAL 

Per sc With the fluxes 


Lead, Pb. In either flame, lead com- 
pounds (except the phosphates 
which require a flux) are reduced to 
metallic lead and yield, near the as- 
say, a dark yellow coat which be- 
comes sulfur-yellow when cold and 
has a bluish-w^hite border. Touched 
with the R.F., the coating disjip- 
pears, tinging the flame azure-blue. 


Bismuth, Bi. The coat of Bi203 is 
dark orange-yellow while hot and 
lemon -yellow when cold. It is 
greenish-white far away. Volatile 
in both flames. In both the O.F. and 
R.F. a brittle, metallic button is 
formed and the flame is colored a 
pale greenish-white. 


Iodide flux. The coat is greenish- 
yellow, darker while hot, brown 
near the assay; the flame is colored 
azure-blue. 

Bromide flux. The coat is wdiitish- 
gray, volatile and some distani:e 
from the assay. Touched with the 
R.F., the coating disappears, ting- 
ing the flame azure-blue. 

Chromate flux. The coat is yellow- 
ish-while and volatile. It is not very 
prominent and is formed at some 
distance from the as.say.' Treated 
with the R.F., it disappears, ting- 
ing the flame azure-blue. 

Iodide flux. The coat is chocolate- 
browm wdth underlying scarlet. 
NH4OH fumes change it to orange- 
yellow. 

Bromide flux. The coat is white 
near the assay and greenish faraway. 

Chromate flux. Gives a slight whitish 
coat near the assay. 
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REACTIONS ON CHARCOAL (Continued) 


Per sc 

Cadmium, Ccl. The coating of CdO 
is black to reddish-brown near the 
assay and yellowish-green far away. 
Thin coats show peacock colors. 
The coat is volatile in both flames. 


With the fluxes 

Iodide flux. Gives a slight whitish to 
greenish coat. 

Bromide flux. The coat is gray and 
some distance from the assay. 

Chromate flux. The coat is near the 
assay, reddish while hot and canary- 
yellow to greenish-yellow when cold. 


Copper, Cu. In the R.F. the Cu min- 
erals are reduced to globules of red, 
malleable metal and the flame is 
colored emeral-green or azure-blue. 


Iodide flux. Slight grayish-white 
coating. 

Bromide flux. Very slight gray coat. 
The flame is colored a brilliant blue. 

Chromate flux. None. 


ADDITIONAL TESTS 

Lead, Pb. The lead reactions have been set forth under P“2. 

Bismuth, Bi. Strong acid solutions of Bi hydrolyze on the addition of 
water, similar to Sb, but the precipitate is more soluble than those of antimony. 

On heating a Bi compound in the upper reducing flame of a Bunsen burner, 
the bismuth is reduced to metal which volatilizes and is reoxidized in the 
uppermo.st part of the flame. If a porcelain dish filled with water is held over 
this, a barely visible deposit of Bi203 is formed. Moisten a piece of asbestos 
in alcoholic iodine, start burning and hold under the deposit on the dish. A 
small amount of hydriodic acid is formed which will turn the oxide into the 
scarlet H(Bil4). By blowing the fumes from the ammonia bottle over this it 
is changed to the orange ammonia salt [NH4(Bil4)]. If the coat is moistened 
with SnCIs, black metallic bismuth is formed. 

If Bi is dissolved in S.Ph. by the O.F, and is then treated on coal with tin 
in the R.F., a bead is obtained that is colorless while hot but blackish-gray 
and opaque when cold. 

The per se reactions of bismuth and lead on coal arc quite similar, but the 
reactions with the fluxes serve to distinguish them. 

Dimethylglyoxime added to a hot solution of BiClg or Bi(N03)3 and made 
strongly alkaline with NH4OH gives a yellow precipitate. If the sulfate is 
used the precipitate is white. 

Copper, Cu. With borax and S.Ph. in the O.F., the bead is green while hot 
and blue to greenish-blue when cold. By repeated slow reduction and oxida- 
tion, the bead becomes ruby-red. In the R.F, the bea(j is greenish to colorless 
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while hot and opaque and brownish when cold. Also by saturating the S.Ph. 
bead with a substance containing copper, adding NaCl and treating in the 
O.F., an azure-blue flame is obtained. 

NH4OH added to the solution of a Cu mineral will form a deep blue color. 
If a precipitate is formed by the NH4OH, it should be filtered out to deter- 
mine accurately the color of the liquid. 

A slightly acid solution of a Cu mineral will deposit a red copper coating on 
bright iron, such as a na,i\ or knife blade. 

Traces of Cu may be detected as follows: Treat the substance in a borax 
bead in the O.F.; add a trace of tin or a tin compound and heat until the tin 
is completely dissolved, then treat the bead lightly in the R.F. and remove 
quickly. If Cu is present the bead is colorless while hot but ruby-red wheil 
cold. If reduced too far it will remain colorless, but by carefully treating in the 
O.F. the color returns. 

Copper may be sc^parated from iron by placing metallic zinc in the acidified 
solution. Cu is precipitated but Fe remains in solution. 

Place a drop of the solution to be tested or a small amount of the precipitate 
from P “9 on the spot plate and add a drop or two of 1 % KCN solution. If the 
precipitate is used, stir for a few minutes, then place a drop of this on filter 
paper, add a drop of phosphomolybdic acid and a drop of dilute HCl. Copper 
gives a blue color. Nitric acid should be absent. 

Potassium ferrocyanide [K4Fe(CN)flI precipitates from acid or neutral 
solutions of a cupric salt, reddish-brown cupric ferrocyanide. NaOH changes 
it to black (difference from uranium) and it is soluble in NH4OH, to a blue 
color (difference from molybdenum). The only other ipetals giving similar 
colored precipitates are molybdenuin and uranium. 

Cadmium, Cd. H2S added to an acid solution of a cadmium mineral yields 
a yellow to orange or almost brown precipitate of cadmium sulfide (CdS). 

On smoked plaster, with iodide flux, a white coating is obtained that is 
changed to orange by ammonium sulfide. 

With borax and S.Ph., in the O.F., the bead is clear yellow while hot and 
colorless when cold, but can be flamed milk-white. 

Zinc, lead and bismuth are interfering elements; to confirm Cd, treat with 
the O.F. to remove As, collect the coat from the charcoal, mix with charcoal 
dust and heat gently in the C.T. Cadmium will yield either a reddish-brown 
ring or metallic mirror. 

If cadmium oxide is treated in the upper reducing flame of a Bunsen burner, 
it is reduced to metal which volatilizes and is reoxidized in the upper flame 
and will give a brown deposit on a glazed porcelain dish filled with water if 
held over it. If this coat is moistened with silver nitrate solution, a black de- 
posit of metallic silver is obtained. This test may be applied to the residue 
from P -9 by first roasting to convert it from the sulfide to the oxide. 

Palladium, Pd. Palladium (ous) is precipitated by dimethylglyoxime, 
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giving a yellow precipitate soluble in NH4OH and KCN solution but only 
slightly soluble in 50% alcohol and dilute acids. Gold and platinum interfere 
as they are reduced to metals, but the other platinum metals do not How- 
ever, Pd may be separated from Pt by this method in 0.8-0.9N HQ (1 ml. of 
cone. HCl to 14 ml. of water) as the Pd is precipitated and the Pt stays in 
solution. 

In the presence of HCl, SnCl2 forms a red then brown and finally green 
solution; but if no acid is present a partial reduction to metal occurs and the 
solution turns green. The precipitate is soluble in HCl, giving an intense green 
solution. 

All Pd compounds yield the metal on ignition. This is soluble in HNO 3 and 
aqua regia. 

An alcoholic solution of iodine dropped on metallic palladium will turn black. 

Rhodium, Rh. All Rh compounds are reduced to metal on charcoal with 
soda. The ignited metal is almost insoluble in aqua regia but may be brought 
into solution by fusion with KHSO4 and treatment with water, yielding a 
yellow .solution which turns red on the addition of HCl. 

Osmium, Os. Compact osmium is insoluble in all acids but in the finely 
divided state it is difScultly soluble in HNO3 and more soluble in aqua regia. 

Osmium forms volatile salts and is apt to be lost in the regular process of 
solution of the mineral and analytical procedure. 

Stannous chloride gives a brown to black precipitate which is soluble in 
HCl, giving a brown solution. 

Metallic zinc precipitates metallic osmium from acid solutions. 

Osmium tetroxide (OSO4) volatilizes at 100®C. and has a characteristic 
chlorine-like odor. It is very poisonous, attacts the mucous membranes; great 
care should be exercised in handling even minute amounts. 

Rhenium, Re and Polonium, Po. There arc no simple tests for these 
elements. 

Procedure 11 

To the filtrate from P-9 add HCl in slight excess. A black qr orange-yellow 
precipitate indicates the tin group |Sn, Hg(ic), As, Sb, Mo, Te, Se, Pt, Ir, 
Ge, Ru] and any one or all may he present. If no precipitate forms, or it is 
nearly white, all are absent. Reject the solution. 

If a precipitate was formed, filter, treat the precipitate by P-12 and reject 
the filtrate. 

A further separation of the common elements of this group may be made 
by treating the precipitate with 1 ml. of cone. HCl and heating almost to 
boiling, adding seven or eight drops of water and filtering. Sb and Sn are dis- 
solved, leaving the mercury and arsenic as a residue with the sulfur. Treat 
this residue with 5 ml. of saturated ammonium carbonate solution, warm and 
filter. The arsenic is dissolved, leaving the mercury as a residue with the 
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sulfur. Make the filtrate acid with HCl. Arsenic is precipitated. The filtrate 
from the first treatment is diluted to 5-6 ml. with water and treated with 
H^S. Antimony and tin are reprecipitated as sulfides. 

Metallic iron added to a slightly acid HCl solution of antimony and tin 
will cause the antimony to be deposited in the metallic state. The tin remains 
in solution. 

When the Na2S reagent itself is acidified, a considerable pale yellow^ or 
grayish-white precipitate of sulfur results in consequence of the decomposition 
of the Na2S2 in the reagent. This may make it doubtful whether a small quan- 
tity of the elements of the tin group are present. In case of doubt this sulfur 
may be removed by allowing the precipitate and filter paper to dry, then 
pouring a small amount of carbon disulfide (CS2) through it. 

The Au, Pt and Ir sulfides are in.soluble in acids and may be separated from 
the other members of the tin group by boiling in a mixture of 10 ml. of cone. 
HNO3 and 70 ml. of water (approximately 2N) and filtering. 

If the precipitation of gold was not complete in P-3 it will also be found in 
this group. 

There are no simple tests for the various platinum metals; for further iden- 
tification the analyst is referred to texts on advanced qualitative analysis. 

Hydrazine hydrochloride (N2H4*2HCI) precipitates Se and Te from boiling 
acid or alkaline solutions. 

SO2 or Na2S03 added to a solution not too strongly acid with HCl, caust's 
the precipitation of .Se and Te on boiling. 

.Se and 'Fe may be separated from the other members of the group by treat- 
ing the precipitate with cone. HCl, evaporating to dryness, taking up with 
water and HCl, adding SO2 or Na2S03 to the not too strongly acid solution 
and boiling. Antimony is precipitated to a small extent. 

Procedure 12 

Mix 1 volume of the dried precipitate from P-11 with 3 volumes of flux 
and treat on the plaster tablet. The various members of this group give the 
follow'ing reactions: 


IODIDE FLUX 


Color of Coat 

Mercury, Hg. If heated gently, a 
bright scarlet, very volatile coat 
with yellow^ fringes is formed. 

Arsenic, As. Lemon-yellow to orange- 
yellow coat which disappears if sub- 
jected to ammonia fumes. 


Remarks 

If heated quickly the coat is pale 
yellow or greenish-yellow' and black. 

A drop of (NH4)2 Sx on the coat forms 
a yellow ring that is completely dis- 
solved by a drop of ammonia. 
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IODIDE FLUX— 

Color of Coat Remarks 

Antimony, Sb. Orange to peach-red A drop of (NH4)2S^ on the coat forms 
coat that disappears when sub- an orange-red ring that is not dis- 
jected to ammonia fumes. solved by a drop of NH4OH. 

Selenium, Se. Gives a reddish-brown The flame is indigo-blue* (NH4)2Sa: 
to scarlet coat. Reddish fumes arc dissolves the coat ajid forms a ring 
given off. of deeper color. 

Tellurium, Te. Gives a purplish- (NH4)2S dissolves the coat. (NH4)2S2i 
brown to black coat. The flame is has no effect. A drop of cone. H2SO4 
colored pale green. added to the coat and gently heated, 

yields an evanescent pink color. 

Molybdenum, Mo. A slight volatile (NH4)2Sa; forms a slight brown ring, 
yellowish coat is formed. The R.F. does not turn ike coat blue. 

Tin, Sn. The coat is canary-yellow The coat is obtained by treatment of 
and brownish near the assay. I he sulfide. 

BROMIDE FLUX 

Color of Coat Remarks 

Mercury, Hg. Only a faint yellow, A drop of (NH4)2Sx gives a black spot, 
very volatile coat. 

Arsenic, As. Gives only a faint yel- A drop of (NH4)2S, forms a ring of 
low coat, very volatile. slightly darker color. NH4OH dis- 

solves both the ring and coat. 

Antimony, Sb. Forms a faint yellow (NH4)2Sx forms an orange ring and 
coat far away with reddish-orange develops the coat around it to 

near the assay. orange-yellow. The coat and ring 

are not dissolved by NH4OH. 

Selenium, Se. Gives a brownish-red The flame is colored indigo-blue, 
to yellow coat covering most of the (NH4)2S and (NH4)2 Sj: dissolve 

tablet. Reddish fumes are given off. the coat and form a ring of deeper 

color. 
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BROMIDE FLUX — (Continued) 


Color of Coat 

Tellurium, Te. Gives a coat covering 
most of the tablet; dark gray to 
black near the assay, grading into 
reddish-brown through canary-yel- 
low with brown far away. The flame 
is colored pale green. 

Molybdenum, Mo. Gives a bluish- 
green coat with traces of blue and 
yellow on the edges and sometimes 
brown near the assay. 

Tin, Sn. The treatment of the sulfide 
yields only a slight darkening of the 
tablet around the assa^'. 


Remarks 

(NH4)2S dissolves the coat. (NH4)aSa: 
applied to the lighter portions forms 
a ring of darker color. H2SO4 addetl 
to the coat and warmed yields an 
evanescent pink color. 

A drop of (NH4)2Sa: gives a brown 
spot. The R.F. does not turn the coat 
blue but makes it a deeper brown. 

No sublimate is formed. Very unsatis- 
factory. 


CHROMATE FLUX 


Color of Coat 

Mercury, HG. Shiny black near the 
assay, with a small brownish-yellow 
band next and gray far away. The 
coat is volatile. 

Arsenic, As. Orange-yellow near the 
assay and lemon-yellow far away. 

Antimony, Sb. Dark brown near the 
assay, grading into orange-yellow 
far away. 

Selenium, Se. Cherr>^-red to crim- 
son, very similar to that from the 
treatment per se. 

Tellurium, Te. Brown to black, vol- 
atile, very similar to that from the 
per se treatment. 

Molybdenum, Mo. Nothing. 

Tin, Sn. None. 


Remarks 

A drop of (NH4)2 Si gives a ring of 
darker color. 


(NH4)2Sa: forms an orange-yellow 
ring. 

(NH4)2Sa: docs not form a ring. 


(NH4)2Sx dissolves the coat and forms 
a ring of deeper color. 


no 



QUALITATIVE CHEMICAL TESTS 


REACTIONS ON CHARCOALS 


Per se 

Mercury, Hg. Some mercury com- 
pounds volatilize without decom- 
position but most of them are re- 
reduced and decomposed and yield 
a grayish-white coat that is very 
volatile. It consists of metallic mer- 
cury and will collect into globules 
if rubbed. 

Arsenic, As. A w^hite, very volatile 
coating of AS2O3 is formed. This is 
sometimes tinted with brown to 
yellow from volatilized sulfides. The 
coating consists of octahedral crys- 
tals of AS2O3 and deposits mostly at 
a distance from the assay. Often the 
garlic odor of Arsine gas, AsH^, is 
present. 

Antimony, Sb. Dense white coat of 
Sb204 near the assay, bluish far 
aw^ay. The coat is less volatile than 
that from As. Fumes continue after 
the flaming is stopfXid. The flame is 
colored pale yellowish-green. 

Molybdenum, Mo. Very near the 
assay copper-red M0O2 is deposited. 
Beyond this but still near the assay 
is deposited a coating of M0O3 that 
is pale yellow while hot and white 
when cold, bluish far away. It is 
sometimes crystalline . Touched wi th 
the R.F., it becomes azure-blue and 
volatilizes. Volatile in the O.F. The 
flame is colored yellowish-green. 


With the Fluxes 

Iodide flux. Yields only a faint yel- 
low coat. 

Bromide flux, A slight yellowish- 
white, ver>' volatile coat is devel- 
oped at a considerable distance from 
the assay. 

Chromate flux. Gives a very slight, 
extremely volatile gray coat. 

Iodide flux. Gives a volatile coat that 
is white near the assay wdth a 
canary-yellow border and a slight 
yellow coat beyond. 

Bromide flux. Gives a slight white, 
volatile coat wdth a faint yellow 
border. 

Chromate flux. Gives a very vola- 
tile, slight white coat with a faintly 
yellow tinge. It is far from the assay. 

Iodide flux. Gives a white coat near 
the a.ssay with yellow far away. 

Bromide flux. The coat is white. 

Chromate flux. Gives a slight whit- 
ish coat with traces of brown near 
the assay. 

Iodide flux. A white coat near the 
assay. Touched with the R.F., it is 
volatilized but does not turn blue. 

Bromide flux. A very volatile, yel- 
lowish-green coat is first deposited 
far from the assay, then o'n longer 
flaming a w'hite one near the assay. 
Treated with the R.F., it volatil- 
izes but does not turn blue. 

Chromate flux. Nothing. 
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REACTIONS ON CHARCOAL — {Continued) 


Per se 

Selenium, Se. Steel gray, very vola- 
tile coat near the assay. At some 
distance white Se 02 tinged red with 
metallic Se and beyond a red border 
of metallic selenium is deposited. 
Red fumes are given off and the 
characteristic rotten horseradish 
odor is produced. The ffaiiie is color- 
ed blue by the coating. 


Telluriumi Te. Dense white, volatile 
coat of Te02 near the assay. Far 
away a gray to brownish-black coat 
of metallic Te. Treated with the 
R.F., the coat colors the flarnc 
green, and volatilizes. The coat 
somewhat resembles that from an- 
timony. 

Tin, Sn. The coat of .Sn02 is near the 
assay and is faint yellow and lumi- 
nous while hot and white when 
cold. If moistened with Co(N 03)2 
solution and heated strongly, the 
coat becomes bluish-green. Not 
volatile in the O.F. The addition 
of sulfur and soda increases the 
amount of the coat. In the R.F. a 
slight coat is formed. 


With the Fluxes 

Iodide flux. Small white coat near 
the assay with a yellowish-green 
border and traces of reddish-brown. 
Yellowish fumes are given off. 
Characteristic odor. 

Bromide flux. Small white coat and 
yellowish fumes with a characteris- 
tic odor. 

Chromate flux. Mixcnl red anri yel- 
low fumes with a characteristic odor 
given off. The coating is very slight, 
white near the assay, yellowish be- 
yond and traces of red far away. 

Iodide flux. A white to gray coat. 
The flame is colored pale green. 

Bromide flux. White near the assay 
with brownish-black far away. The 
flame is colored pale green. 

Chromate flux. White near the as- 
say with brownish -black far away. 
The flame is colored pale green. 

The reactions with the fluxes arc ob- 
tained by treatment of the sulfide. 

Iodide flux. White coat with patches 
and streaks of yellow through it. 

Bromide flux. White coat. 

Chromate flux. White coat. 


ADDITIONAL TESTS 

Mercury, Hg. The reactions of Hg have already been listed under P-2. 
Arsenic, As. If an arsenic mineral is mixed with soda and flamed on coal, 
a strong garlic odor (arsine, AsHa) is given off and a very volatile white coat 
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will be deposited at an appreciable distance from the assay, The flame is 
colored azure-blue. 

In the O.T., if heated gently, arsenic compounds will deposit a white or 
colorless crystalline sublimate of arsenious oxide (AS2O3) at a considerable 
distance above the mineral. If heated too strongly, the red or yellow sulfide 
may be deposited. These sublimates are volatile. This serves to distinguish As 
from Sb which forms a white sublimate of Sb204 that is nonvolatile. 

In the C.T. the sublimate may be the white oxide, the red or yellow sulfide 
or the black metallic mirror. If, however, a piece of charcoal is placed above 
the mineral in the tube, the oxide will be reduced and give a mirror also. The 
mirror is soluble in sodium hypochlorite (NaOCl) solution. 

If an oxygen compound of As is held in the upper reducing part of the Bunsen 
flame, it is reduced to metal. If a glazed porcelain dish filled with water is held 
directly over the sample, vapors of metallic arsenic will collect, forming a 
browmish-black coat which is soluble in sodium hyix)chlorite (NaOCl). If the 
volatilized metallic arsenic is not collected immediately it will be oxidized in 
the upper oxidizing zone of the flame, burning with a blue light, and will de- 
ix)sit on the dish of water as white arsenious oxide (AS2O3). If this is moistened 
with AgNOa and held over the ammonia bottle, yellow AgaAsOa is formed, 
wdiich disappears on treatment with more NH4OH vapors. 

From arsenic solutions AgNOa precipitates the yellow arsenite or reddish- 
brown arsenate, soluble in dilute acids, NH4OH and ammonia salts. 

Antimony^ Sb. In the O.T., a dense, white, nonvolatile, amorphous sub- 
limate of Sb204 is formed. The arsenic sublimate wdiich may be mistaken for it 
is volatile. If antimony sulfide is too strongly heated it may yield red spots. 

In the C.T., the oxide will yield a white fusible sublimate of necdle-like 
crystals. The sulfide gives a sublimate that is black while hot and red when 
cold. 

The S.Ph. bead, with Sb dissolved in it in the O.F., wdien treated on charcoal 
with tin in the R.F., will become gray or black. 

With soda on coal Sb gives a dense wdiite coating near the assay and a gray, 
brittle button is formed. I 

On dilution of a strong acid solution containing Sb, hydrolysis results with 
the precipitation of the basic salt. 

The trioxide (Sb203) is soluble in cone, acids but the tetroxide (Sb204) is 
almost insoluble in cone, acids. 

If metallic zinc and platinum are placed in contact in an HCl solution of Sb, 
metallic antimony is deposited as a black stain on the platinum. On removal 
of the zinc, the stain m\i pxfrsist (tin will disap^jx^ar). Zinc will finally reduce 
the Sb to stibine gas (SbHa). Treat the precipitate from P-ll with a few drops 
of a mixture of equal amounts of cone. HCl and water. This dissolves the Sb 
and Sn as SbCls and SnCU. Place a few drops of this solution on a watch glass, 
add a piece of metallic zinc, then place a piece of metallic platinum on this in 
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contact with the zinc. Antimony is precipitated on the Pt as dark glittering 
plates and tin is deposited on the zinc in a spongy form. 

Place a drop of the HCl solution of the precipitate on filter paper that has 
been ipipregnated with phosphomolybdic acid and hold over steam. Sb gives a 
blue coloration. 

Oxygen compounds of Sb are reduced in the upper reducing part of the 
Bunsen flame to metal which volatilizes and is reoxidized in the upper oxi- 
dizing zone to Sb 2 C>j which will deix>sit on a glazed [X)rcelain dish filled with 
water. If this white, almost invisible deposit is moistened with AgNOa solu- 
tion and treated with ammonia fumes, it becomes black, due to the separation 
of metallic Ag. 

Tin, Sn. Metallic tin is insoluble in HNO 3 but soluble in HCl. 

Cassiterite, Sti 02 . Place a fragment of the mineral in contact with metallic 
zinc and treat with HCl. If the mineral is cassiterite, it will become coated 
with a thin white layer of metallic tin. Cassiterite is insoluble in all acids. 

Most tin compounds reduce to white, metallic globules by treatment with 
the R.F. on coal. 

The oxide and soda without the addition of charcoal usually forms an in- 
fusible mass that reduces with difficulty. 

With CuO in a borax bead, a faint blue color should be obtained- If this is 
treated with a tin compound and flamed until the tin is in solution, then for a 
moment with the R.F., it becomes reddish-brown or ruby-red. This is a very 
sensitive test. Compare similar test for copper, using tin. 

Sec under antimony, above, for the tin reaction with zinc and platinum. 

Potassium ioflide gives yellow crystals of Snl 2 or Snl 4 at the junction of a tin 
solution and cone, sulfuric acid. 

If a bead of metal is obtained on coal and this oxidizes rapidly with sprout- 
ing and cannot be fused, it is a good indication of I in. 

If zinc is present, the sample should be mixed with soda, borax and char- 
coal and treated on charcoal with the R.F. Under these conditions the Zn is 
volatilized and the Sn remains in the fused ma.SvS, from which it may be re- 
moved by crushing and dissolving in water. 

Impregnate a piece of filter paper with phosphomolybdic acid, hold over 
the ammonia bottle, then allow to dr^*. The ammoniujn phosphomolybdate 
pai^er thus formed will keep well if stored in a dark, well stoppered bottle. 
The tin sulfide precipitate from P'-ll is soluble in cone. HCl. Dissolve a por- 
tion of the precipitate from P-11 in cone. HCl, add a piece of metallic zinc and 
allow to react for a short time to convert the Sn to the stannous form, then 
place a drop of this solution on the ammonium phosphomolybdate paper. A 
blue color indicates tin. 

Place another drop or two of the solution on the spot plate, add a drop of 
1 % FeCla solution and allow to stand for a few minutes. Add a crystal of tar- 
taric acid and when dissolved add a drop of dimethylglyoxime and make alka- 
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line with NH4OH. A red coloration according to the amount of tin pre^nt, 
is formed. 

Molybdenum, Mo. Treat some of the precipitate from P-11 with cone. 
HNO3 in a porcelain dish and evaporate to dryness but do not ignite. Moisten 
again with cone. HNO3 and again evaporate to dryness. A deep blue color 
indicates Mo. If a drop of water is added a blue solution nrsults. 

Place a small amount of the finely powdered mineral in a porcelain dish, 
add a little cone. HCI then metallic zinc and l;)oil for a few minutes. If molyb- 
denum (as inolybdat;(‘) is present the solution will bi?come blue, then green 
then brow^n. With small amounts the color will appear as a ring around the 
dish. W, Ti, Cb, V, Ru and 1 ; also give color reactions with this test. 

Potassium ferrocyanide added to a solution containing Mo gives a reddish- 
brown precipitate which is soluble in NH4OH, to a yellow solution (difference 
from copix^r). Compare this test with Cu and U. 

The borax bead in tlic O.F. is yellow w^hile hot and colorless when cold; in 
the R.F. it is brown to bhu k and opaque both hot and cold. 

The S.F*h. bead in the O.F. is yellowish-green wdiile hot and pale yellow to 
colorless when cold. The bead crushed between damp, unglazed pafMjr, will 
become red, browm, purple and blue, according to the amount present. In the 
R.F. the bead is dirty green while hot and fine emerald-green when cold. 

Treat s(i:veral S.Ph. beads with the mineral in the O.F. and dissolve in 
dilute HCI. Heat and add metallic tin, zinc or copptT. If Mo is present, the 
solution W'ill turn blue, green, then brown. If the beads have been treated in 
the R.F. the solution will become brown only. 

To test for molybdates, place a small amount of the powdered mineral in a 
test tube along with a scrap of paper; add a few drojis of water and an equal 
amount of cone. H2SO4 and heat until acid fumes arc obtained. Cool and add 
slowly a f(‘w^ drops of water. Molybdenum is indicated by the formation of a 
deep blue solution. 

Fusion of the molybdenum mineral or precipitate from P-1 1 with 4 volumes 
of Na2C03 and extraction with water (no acid) gives a .solution of sodium 
molybdate. Tungsten also goes into solution as sodium tungstate. 

Place a drop of this solution on filter paper which has been moistened with 
HCI to prevent the interference of tungsten, and add a drop of KSCN reagent. 
A red spot of Fe(SCN)3 may be formed if iron is present, but on the addition 
of a drop of SnCl2 or NaoSaOa it will disappear and the red spot due to molyb- 
denum [K3 (Mo[SCN] 6)] wall appear. 

Place a pinch of the powdered mineral or the precipitate from P-11 in a 
porcelain dish, add cone. H2SO4 and heat to fumes. Cool and breathe on the 
residue. If Mo is present, it will turn blue. The color disappears'^on heating 
but returns on cooling. It is destroyed by water. 

If a solution containing Mo is evaporated to dryness carefully so as not to 
overheat and the residue treated with cone. NH4OH then H2O2, a pink or 
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red color is formed. On evaporating to dryness again and treating the residue 
with HNO3 or H2SO4, yellow permolybdic acid (HMo()4) is formed. 

Stannous chloride or sodium thiosulfate added to a slightly acid solution 
of a molybdate produces a blue color and precipitate which turns green, then 
brown. 

Selenium, Se. In the C.T; Se compounds give a dark red sublimate and a 
decaying horseradish odor. 

Selenium minerals, fused with NaoCOs on coal in the R.F., if moistened with 
water and placed on a silver coin, will blacken it vsimilar to sulfur and tellurium. 

Stannous chloride precipitates red metallic selenium even in the presence of 
considerable H2SO4. 

Fuse the precipitate from P-11 with Na2C03 and dissolve in water and a 
little HCl. Place a drop of this solution on filter paper that has previously been 
treated with a drop of K.I solution and a drop of HCl. If a brown to black 
color develops, add a drop of Na2S203 which will destroy it and leave the 
red-brown color of the selenium/ 

If a Se compound is heated on an asbestos thread in the upper reducing 
flame of the Bunsen burner, it will be reduced to the red metal which will de- 
posit on a test tube of water held over it. If this is immersed in a larger tube 
containing cone. H2SO4 and warmed, the selenium will go into solution, giving 
a green color. On dilution with water the red metallic Se is reprecipitated. 

Red metallic selenium is precipitated by metallic zinc in acid solutions and 
the zinc becomes coated with Se and looks as if coated with copper. On warm- 
ing the red Se is changed to brown or gray to black. 

Tellurium, Te. A Tc mineral fused with soda on coal in the R.F. will dis- 
color silver similar to sulfur and selenium. 

In the O.T, a gray sublimate is formed that is fu.sed to clear drops if gently 
heated. 

Treat a mixture of the powdered mineral, with soda and a little charcoal in 
the C.T. When cool add water. If Te is present the solution will become a 
reddish-violet that will gradually disappear and a gray precipitate will form 
if a drop is transferred to a porcelain plate. 

The mineral added to hot cone. H2SO4 will develop a fine red-violet colora- 
tion if tellurium is present. Place a little of the finely pulverized mineral in a 
jKircelain dish, add 5 ml. of coiic. H2SO4 and heat carefully. Tellurium gives 
a violet color. If heated further or diluted the color will disappear. 

By heating a telluride in the upper reducing part of the flame of a Bunsen 
burner, metallic Te is formed which volatilizes and can be collected as a black 
film on a test tube of water held over it. If this tube is immersed in a larger 
tube containing cone. H2SO4, a carmine-red colored solution will result. On 
dilution with water, black metallic Te is precipitated. 

Fuse the precipitate from P-11 with Na2C03 and extract with water. On 
a spot plate, place a drop of SnCl2, a drop of 20% NaOH and a drop of this 
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solution. A black or gray precipitate or color is developed by tellurium accord 
iiig to the amount present. Selenium does not intxirfere with this test. 

Metallic zinc precipitates gray to black metallic Te from acid solutions. 

Platinum^ Pt. Like gold, platinum is usually identified by its physical 
properties. There are extremely few platinum compounds in nature. It is in- 
soluble in all acids but dissolves in aqua regia. 

A concentrated solution of Pt, if slightly acid, will give a yellow precipitate 
of KzPtClfl if KCl is added. 

All platinum compounds when heated with soda on coal yield gray, spongy 
metal which assumes a metallic luster if rubbed wdth a pestle in an agate 
mortar. It is soluble in aqua regia. 

Oxalic acid does not precipitate platinum but does precipitate gold. 

Iridium, Ir. Fusion with soda on coal yields a gray, brittle button which is 
insoluble in aqua regia. Fusion with Na202 converts it into a salt that is soluble 
in HCl 

A solution containing Ir, if treated with NaOH, changes color from dark 
red to green and on warming is changed to reddish then azure-blue. 

Germanium, Ge. Germanium forms volatile salts and is likely to be lost 
by volatilization in the process of solution and analysis. GeCU distills at 86®C. 

Germanium sulfide is ai)prcciably soluble in w.at(?r and dissolves readily in 
alkali hydroxides. 

Ruthenium, Ru. If a ruthenium solution is made slightly alkaline with 
Na2C03 and boiled with KN()2, cooled and a little (NH4)2S added, a carmine- 
red color wdiich turns browm is obtained. 

Metallic Zn turns a ruthenium chloride solution first blue then decolorizes 
it with the precipitation of gray metallic ruthenium. 

Hydrogen sulfide in acid solution causes no precipitation at first but after 
a time the solution becomes azure-blue and brown RU2S3 is pre^ripitated. This 
is characteristic but also somewhat similar to the reaction of molybdenum. 

If a few drops of rutlurniurn chloride are added to a solution of sodium thio- 
sulfate made alkaline with ammonia, and the mixture boiled, a i)ermanent 
reddish purple color is i^roduced. Unless very dilute, the color by transmitted 
light is black. 


Procedure 13 

The filtrate from P-8 is boiled until all the HoS has been removed (test 
with lead acetate paper), allowed to cool and is tested for the phosphate radical. 

To test for phosphate (PO 4 ), place a drop of the solution on filter palmer, 
add a drop of ammonium molybdate and a drop of benzidine and hold over 
the ammonia bottle until most of the mineral acid is neutralized. A blue color 
indicates the PO4 radical. 
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The following test may also be used. Add 1 ml, of the solution to a mixture 
of 1 ml. of ammonium molybdate reagent and 1 ml. of cone. HNO3. Not vice 
versa. Warm slightly and allow to stand. A yellow precipitate indicates the 
phosphate radical (PO4). 

Vanadium, V, is not completely precipitated by any of the group reagents. 
In P-14, if V is present in the vanadyl form, it will be partially precipitated. 
If, however, Fe, AI, U or Ba are present in sufficient quantities, the precipi- 
tation of V will be complete. The addition of an excess of ferric chloride will 
cause all of the V to be thrown down. The treatment in P-J5 dissolves the 
vanadium and it will be reprecipitated with the Al group if sufficient Al or U 
are present, otherwise it will remain in the filtrate and may be precipitated 
as directed in P-21. 


Procedure 14 

To the H 2 S free filtrate from P- 8 , add NH 4 OH to alkalinity and heat to 
boiling. No precipitate shows the absence of Fe, Cr, Al, Be, [7, Ga and In. Add 
(NH4)2S in slight excess and heat to nearly boiling. A precipitate indicates 
the iron group (Fe, Mn, Co, Ni, In) or the aluminium group (Al, Zn, Cr, 
Be, U, V, Ga), and if a positive lest for PO 4 was obtained, or if V is present, 
po.ssibly all or a part of the calcium group (Ca, Ba, Sr, Mg) as phosphates or 
vanadates, and any one or all may be present. If no precipitate forms, all are 
absent. Treat the .sfjlution by P-19. 

If a negative test for PO4 was obtained or if vanadium is absent the Ca group 
will not be precipitated. 

If PO4 is absent, filter, treat the precipitate by P-15 and the filtrate by P-IQ. 

If PO4 is present, filter, treat the precipitate by P-21 and the filtrate by 
P-22. 

The only member of the calcium group that is precipitated by vanadium 
is barium, and tests must be made to determine its presence or absence in the 
precipitate. 

Nickel may form a colloidal solution of a dark brown color. If this occurs, 
make slightly acid with acetic acid, and boil. This coagulates the hydrosol 
so that it can be filtered. 


Procedure IS 

Transfer the precipitate from P-14 to a beaker and dissolve in a little water 
and 1 ml. of cone. HCl. Stir, then boil for 1 or 2 minutes, add a pinch of po- 
tassium chlorate (KClOa) and boil again for 1 or 2 minutes. Filter, and to the 
filtrate add NaOH until alkaline; cool and add slowly to the cold solution 
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1 ml. of dry sodium- peroxide (Na202) stirring constantly. Boil for 1 or 2 min’- 
utes and filter. If a portion of the. precipitate remains undissolved the Iron 
group (Fe, Mn, Co, Ni, In) is indicated and any member or all may be present. 
If none or only a slight trace of the precipitate remains undissoked^ all are absent. 
Treat the solution by P-17. 

If a residue remains undissolved, filter, treat the residue by P-16 and the 
filtrate by P-17. 

It is sometimes desirable to separate iron from the other members of the 
group. This can be done by dissolving the residue in a little water and HCl, 
adding 1 ml. of solid ammonium chloride (NH4CI), making strongly alkaline 
with NH4OH and filtering. Iron and indium are precipitated but Co, Mn, and 
Ni remain in solution and may be precipitated as oxides from the filtrate by 
adding H2O2 or Na202 and boiling. An excess of Na202 should be avoided. Mn 
and C'o give brown to black and Ni may give apple-gri^en or black precipitates 
from the H2O2 treatment. 

Treat the precipitates by P-16- 

If the precipitation of Tl, Th, Sc, the R.E. groups, Zr and Ti was not com- 
plete in the previous operations, they wall appear with the iron groups 

Indium is a very rare clement and it is improbable that tests for it will be 
obtained on the small sample used in this procedure. 

Thallium is usually in the tri valent state and unless it has been converted 
to the monovalent condition it is not precipitated in P-1 but comes down in 
the iron group. 

Procedure 16 

Dry the precipitate from P-T5 and treat small amounts in the borax and 
S.Ph. beads. The tests for the various members of this group are as follows; 


WITH BORAX 



Oxidizing Flame 

Reducing Flame 


Hot 

Cold 

Hot 

Cold 

Iron, Fe 
Manganese, Mn 
Cobalt, Co 
Nickel, Ni 

Yellow to red. 

Amethystine. 

Blue. 

Violet. 

Yellow. 

Reddens.* 

Blue. 

Pale-reddish- 

brown. 

Bottle-green. 

Colorless. 

Blue. 

Opaque-gray. 

Little lighter. 
Colorless. 
Blue. ' 
Opaque-gray. 


* Care must be taken that too much Mn is not used or the bead wall be 
black, and opaque. 
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WITH SALT OF PHOSPHORUS 



Oxidizing Flame 

Reducing Flame 


Hot 

Cold 

Hot 

Cold 

Iron, Fc 

Yellow. 

Colorless. 

Pale yellowish- 
green. 

Colorless. 

Manganese, Mn 

Grayish-violet. 

Violet. 

Colorless. 

Colorless. 

Cobalt, Co 

Blue. 

Blue. 

Blue. 

Blue. 

Nickel, Ni 

Reddish to 

Yellowish to 

Reddish to 

Yellow to 


brownish- 

reddish- 

brownish- 

reddish- 


red. 

yellow. 

red. 

yellow. 


ADDITIONAL TESTS 

Iron, Fe. Dissolve a part of the residue from P-15 in a small amount of 
water and HCl. Place a drop of this solution on filter paper or the spot plate 
and add a drop of potassium ferrocyanide [K4Fe(CN)6]. Ferric iron is indi- 
cated by the formation of the brilliant Prussian blue color. Ferrous iron and 
potassium ferricyanide [KaFc(CN)6l gives the deep Turnballs's blue. 

Dissolve another part of the precipitate from P-15 in a little water and 
HNOg. Place a drop of this solution on filter paper or the spot plate and add a 
drop of ammonium or potassium thiocyanate (NH4wSCN or KSCN). A red 
color indicates ferric iron. Co, Ni, Cr and Cu reduce the sensitivity of this 
reaction. 

The ferrocyanide and thiocyanate tests fail in the presence of phosphates, 
fluorides, borates, oxalates, citrates and tartrates. 

Ferrous Iron. Place a drop of the freshly prepared HCl solution of the 
mineral on filter paper or the spot plate. If paper is used, the solution must 
contain tartaric acid; if the spot plate is used, a small crystal of tartaric acid 
is next added, then a drop of KCN solution followed by a drop of dimethy- 
glyoxime and made alkaline with NH4OH, An intense red color indicates 
ferrous iron. The color fades due to the oxidation of the iron to the ferric state. 
Ni and Co in large amounts interfere with the test. 

Many iron compounds become magnetic if heated with soda on coal in the 
R.F. Cobalt and nickel compounds give a similar test but they can easily be 
differentiated by the bead tests. 

With bromide flux, iron gives a blackish coat around the assay with a brown- 
ish band far away. (NH4)2S vapors turn the coat green and develop spots 
where no coat was seen before. 

Manganese, Mn. If the mineral or residue from P-15 is fused with soda 
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and a little KNO3 on platinum, and Mn is present, the fusion will be bluish- 
green. This is a very delicate test. This should have been in evidence if the 
mineral was put into solution by fusion at the beginning of the operation. 

Some manganese minerals, treated with HCl and heated, give off chlorine, 
a very pungent and irritating gas. 

NH4OH does not precipitate Mn from solutions containing ammonia salts. 
Boiling the solution with H2O3 or Na202 precipitates the Mn as oxide. This is 
used to separate it from Fe, A 1 and all other elements forming hydroxides that 
are insoluble in an excess of NH4OH. An excess of Na202 should be avoided. 

Cobalt, Go. If the bead tests have been made on the precipitate of the 
group, they will have given a very excellent indication of the presence or ab- 
sence of this element. 

If bead tests are made on the mineral, and sulfur and arsenic are present, it 
should first be thoroughly roasted on charcoal. 

NH4OH precipitates the hydrous oxide, soluble in excess. Boiling the solu- 
tion with H2O2 or Na202 precipitates Co as the black oxide. This may be used 
to separate it from Fe, A 1 and all other elements forming hydroxides insoluble 
in an excess of NH4OH. An excess of Na202 should be avoided. 

Dissolve a part of the precipitate from P-IS in a little water and HCl and 
add NH4OH till the solution is only faintly acid. Place a drop on the spot 
plate and add a drop of saturated ammonium thiocyanate (NH4SCN). If a 
red color develops (due to iron) add two or three drops of saturated ammo- 
nium acetate and two or three drops of 50 % tartaric acid. This dissolves the 
red of the iron and allows the blue of the cobalt to appear. 

Place a drop of the cobalt solution on the spot plate and add two or three 
drops of acetone, then a crystal of NH4SCN. Cobalt gives a blue color which 
becomes pink on the addition of w'ater, 

Place a crystal of NH4SCN on filter paper and moisten with an HCl solu- 
tion of the precipitate or mineral. Treat with NH4OH until the spot is de- 
colorized. Chromium may leave a green spot. Dry the paper over the flame 
almost to carbonization. A bluish-green color (not the same as before heating) 
becomes apparent if cobalt is present. 

Dimethylglyoxime gives no precipitate with an ammoniacal solution of 
cobalt but a wine-red color is obtained if ammonium sulfide is also present. 

To a drop of an HCl solution of the residue or mineral on the spot plate, add 
two or three drops of 3 % H2O2 and then a crystal of potassium bicarbonate 
(KHCO3). Cobalt gives a green color on the crystal. 

H2O2 added to an ammoniacal cobalt solution gives a red color. 

Nickel, Ni. Dissolve the mineral or residue from P -15 in HCl, make slightly 
alkaline with NH4OH, add a drop or two of dimethylglyoxime, and boil. If 
nickel is pre^nt, a scarlet, crystalline precipitate will be formed. In the pres* 
ence of much iron, as is usually the case in treating the precipitate from P- 15 , 
dissolve a part of the residue in water and HCl, leaving it quite strongly acid. 
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Add a little solid NH4CI, make strongly alkaline with NH4OH, filter and test 
the filtrate as above. Nickel remains in solution. 

NH4OH precipitates the apple-gneen basic salt, soluble in excess, giving a 
blue solution that is paler than that obtained from copper, but if sufficient 
ammonia salts are present, NH4OH produces no precipitate [(similar to Co, 
Mg, Fe(ous), and Mn(ous)]; NaOH and KOH, however, cause apple-green 
hydroxide to be thrown down from this solution. Under these conditions 
cobalt is not precipitated. 

The NH4OH solution, boiled with H2O2 or Na203, pra:ipitates the Ni as the 
oxide. This may be listed to separate nickel from Fe, A1 and all other elements 
forming hydroxides insoluble in an excess of NH4OH. An excess of Na202 
should be avoided. 

Indium, In. Indium may l^e separated from the other members of the Fe 
group by dissolving the precipitate in water and the minimum amount of 
HCI, adding NH4OH till the solution is only faintly acid and passing in H2S. 
Indium is precipitated as yellow In2S3. If the acidity is too high the In will 
not he precipitcited. 

If Indium is heated on coal, the surface is given a lustrous metallic coating. 

Indium salts color the flame a peculiar bluish-violet. 

NH4OH and caustic alkalies pretipitaie white, gelatinous In(OH)3 resem- 
bling A1(0H)3 in behavior and appearance, soluble in excess of NaOH and 
KOH, but the solution becomes turbid on standing, and boiling with NH4CI 
precipitates all of the indium as hydroxide. 

The quinalizarine spot test for indium is made as follows: Separate the iron 
and indium from the other members of the group, then dissolve this in a small 
amount of water and acetic acid. Add NH4OH until the solution is almost 
neutral. Place a drop of this solution in a small casserole and treat with Na2S3( >3 
until no more violet color forms. A crystal of Na2S03 and 5 -6 drops of 5% 
KCN are then added and the mixture warmed until the precipitate is dis- 
solved. The solution should be neutral or slightly acid with acetic acid. A drop 
of this solution is placed on paper that has been impregnated with the alco- 
holic quinalizarine and dried. This is then held over the ammonia bottle for a 
few minutes and then immersed in a saturated solution of boric acid. This 
decomposes the violet ammonium quinalizarinate and permits the red or 
violet indium lake to be seen against the red or yellow colored paper. This test 
is positive in the presence of 400 to 500 times as much iron as indium, but it is 
better to precipitate the In as sulfide first, then to use this test for confirmation. 

Procedure 17 

Make the filtrate from P-15 acid with HCI, then barely alkaline with 
NH4OH; add ml. of solid ammonium chloride (NH4CI) and heat to nearly 
boiling. A precipitate indicates Al, Be, U, Ga and possibly some V. Filter, 
add 1 ml. of solid Na^COs and boil until there is no odor of ammonia. Zinc is 
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precipitated as white basic carbonate. Filter, make the filtrate acid with HCl, 
pass in H2S for a few minutes, then make alkaline with NH4OH and pass in 
H3S again for several minutes. Chromium is precipitated as the grayish-green 
hydroxide [Cr(OH)3]. and zinc, if not precipitated as indicated above, is 
thrown down as the white sulfide (ZnS). Filter. If vanadium is present, the 
filtrate will be yellowish-red to brilliant violet-red. The addition of acids to this 
solution precipitates black V2O4 or V2O5. The filtrate from this may be blue 
and still contain appreciable amounts of vanadium. 

If further separation of the Al, Be, U and Ga precipitate is desired, dissolve 
in a little water and HCl (not over 10 ml.), make barely alkaline with NH4OH, 
add 1 ml. of solid ammonium carbonate [(NH4)2C03l, and heat to nearly boil- 
ing. Aluminum is precipitated. Filter, boil to a low volume to drive off the 
ammonium carbonate, make acid with HCl and boil for a minute or two, then 
make strongly alkaline with NaOH, and boil until there is no odor of am- 
monia. Uranium is precipitated. Filter; make the filtrate acid with HCl, then 
strongly alkaline with NH4OH and heat to nearly boiling. Beryllium and 
some vanadium are precipitated. Filter; add HCl until the solution is barely 
alkaline. Gallium is precipitated. 

The precipitates are treated by P~ 18 . Reject the final filtrate. 

These separations are not sharp and each precipitate may contain small 
quantities of the other elements. Gallium usually occurs in very small amounts 
and it is improbable that tests will be obtained on the small sample used in this 
scheme. 

Procedure 18 

Dry the precipitates from P-T 7 and treat small amounts in the borax and 
S.Ph. beads. The tests for the various members of the group are as follows; 


WITH BORAX 



Oxidizing Flame 

Reducing Flame 


Hot 

Cold 

Hot 

Cold 

Chrooiiuin, Cr 

Yellow to red. 

Yellowish- 

Emerald- 

Emerald- 



green. 

green. 

green. 

Uranium, U 

Yellow to 

Yellow. 

Pale-green. 

Pale green to 


orange. 



colorless. 

Vanadium, V 

Colorless to 

Yellowish- 

Dirty green. 

Fine green. 


yellow. 

green to 


• 



colorless. 



Aluminum, Al 

None. 




Zinc, Zn 

None. 




Beryllium, Be 

None. 




Gallium, Ga 

None. 
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WITH SALT OF PHOSPHOROUS 



Oxidizing Flame 

Reducing Flame 


Hot 

Cold 

Hot . 

Cold 

Ghromium, Cr 

Dirty green. 

Fine emerald- 
green. 

Dirty green. 

Fine emerald- 
green. 

Uranium, U 

Yellow. 

Colorless. 

Pale dirty 
green. 

Fine green. 

Vanadium, V 
Aluminum, Al 
Zinc, Zn 
Beryllium, Be 
Gallium, Ga 

Dark yellow. 
None. 

None. 

None. 

None, 

Light yellow. 

Dirty green. 

Fine green. 


ADDITIONAL TESTS 

Aluminum, Al. Dissolve some of the mineral or precipitate from P-17 in 
HQ and add NH4OH in excess. A white, flocculent precipitate indicates Al. 
Beryllium and zinc, also give white precipitates, but Zn is soluble in ammonium 
chloride and Be is soluble in ammonium carbonate. Chromium forms a bluish- 
green precipitate that is partially soluble. 

Moisten a small amount of the dried precipitate from P-17 on plaster with 
cobalt solution, avoiding an excess, as on heating it leaves black cobalt oxide 
which may obscure the test. Heat strongly in the O.F. A iine blue color indi- 
cates aluminum. 

Zinc, Zn. To a small portion of the dried precipitate from P-17 add soda 
and borax and treat with the O.F. on coal. The presence of Zn will be 
indicated by the formation of a coating that is yellow while hot and white or 
grayish when cold. The coat if moistened with cobalt solution and treated 
with a strong O.F., gives a bright green color on cooling. Avoid an excess of 
the cobalt solution as it leaves a black oxide which may partially obscure the 
green of the test. 

Diwssolve a small portion of the precipitate from P-17 in HQ and add 
NH 4 OH and (NH 4 ) 2 S. If Zn is present, a white precipitate will form. 

Some of the Zn minerals, when treated with a strong R.F., give a character- 
istic vivid pale bluish-green light which appears as streaks in the outer parts 
of the flame. 

Some zinc silicates, when treated with cobalt solution in the O.F., give a 
blue color similar tc aluminum. 

Chromium, Cr. Fuse some of the precipitate from P-17 with soda and 
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KNOa on platinum. This yields yellow alkali chromates. If this is dissolved 
in water then acidified with acetic add and AgNOs added, reddish-brown 
silver chromate (Ag2Cr04) is precipitated. This is a very sensitive test for 
minute amounts of Cr. 

Mix some of the dry predpitate from P-17 with soda and treat on coal. If 
Cr 15 presenti a green slag will resulti which after long heating changes to in- 
fusible chromic oxide. 

Free chromic acid is converted to blue perchromic acids by H202- 

If a cold alkaline solution of a chromate is treated with neutral HgO^, the 
solution is colored rwl, which gradually changes, with evolution of oxygen, 
back to the original yellow of the chromate. 

If a cold neutral solution of a dichromate is treated with it is colored 
violet, which gradually changes, with evolution of oxygen, back to the original 
color of the dichromate. 

If a chromate is treated with H2O2 in the presence of dilute IhSO^ or HCU 
intensely blue HyCrOio is formed, which shortly changes to green with the 
evolution of oxygen. 

Dissolve a portion of the precipitate from P~17 in the minimum amount of 
HCl and water. Place a drop of this solution and a drop of fairly strong sodium 
peroxide in water, and then a drop of benzidine solution on filter pajxT. Chromi- 
um (chromates) is indicated by a blue ring. 

Beryllium, Be. There are no simple blowpipe or chemical tests for this 
element. 

Dissolve a small amount of the precipitate from P-17 in HCl and evaporate 
nearly to dryness. Add a small amount of water and KOH in the amount neces- 
sary to dissolve the precipitate that forms at first, but not a great excess. The 
solution is diluted to 10 times its volume, filtered and boiled. If beryllium is 
present, a white precipitate of Be (OH)2 separates out. If this is treated on coal 
with cobalt solution it should give a gray or lavender mass. 

Dissolve a portion of the precipitate from P-17 (Al,Be,U,Ga) in the minimum 
amount of water and HCl. Place a drop or two of this solution on the spot plate, 
add a drop of quinalizarine and make slightly alkaline with NaOH. A blue 
color or precipitate indicates beryllium. If too strongly alkaline the precipitate 
is soluble. The violet of the blank (which should be run at the same time) is 
quite different from the blue of the beryllium. Aluminum and zinc give a violet 
color or precipitate almost identical with the color of the blank; uranium gives 
a dirty yellowish precipitate; vanadium gives a light purple to violet color that 
is lighter than the blank and chromium gives a purplish-blue color or precipi- 
tate that is similar to beryllium; if the first portion of the precipitate of the 
group is used, Cr is not present. 

Be(OH)2 is soluble in an excess of (NH4)2C03; [Al(OH)3 is not] but it 
is reprecipitated on boiling; it is insoluble in an excess of NH4OH; [Al(OH)a 
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is partially soluble]; it is soluble in an excess of NaOH or KOH; [Fe(QH)8 
and uranium are not]. 

If the precipitate from P -17 or some of the powdered mineral is fused with 
Na2C()8 and extracted with water (no acid), beryllium remains in the residue 
as oxide, but aluminum passes into solution. Treatment of the undissolved 
residue with HCl will put the beryllium into solution. 

Uranium, U. Fuse the powdered mineral with three volumes of soda. Dis- 
solve the melt in HCl, neutralize with NH4OH, add solid ammonium carbonate, 
shake and allow to stand for some time. Uranium is precipitated but is soluble 
in exce.ss of ammonium carbonate and by filtering may be separated from Fe, 
A 1 and the other elements that are precipitated by this reagent. Filter, boil 
to a low volume, make acid with HCl, and boil to drive off the CO2; add NaOH 
in excess, and boil. Uranium is thrown down as a yellow precipitate and may 
be confirmed by the bead tests. 

Treat the pulverized mineral or precipitate from P -1 7 with H2SO4 and evapo- 
rate nearly to dryness, dilute with water, filter, and to the filtrate add metallic 
zinc. If uranium is present the solution will change color from yellow to green; 
when all the acid is used, a yellow precipitate will form on the residual zinc. 
Large amounts of iron and vanadium interfere with the test. W, Cb, Ti, V, Mo 
and Ru also give color reactions. 

From solutions of uranium minerals, ammonium, potassium and sodium hy- 
droxides produce a yellow precipitate. 

Dissolve some of the precipitate from P -17 in acetic acid and nearly neutralize 
with NH4OH. Place a drop of this solution on filter paper or the s\X)t plate and 
add a drop of potavSvSiuni ferrocyanidc [K4Fe(CN)6]. Uranium gives a dark brown 
color which is turned yellow by NaOH. This is a very sensitive test. Molyb- 
denum and copper arc the only other elements giving a brown precipitate 
with potassium ferr(x:yanide and they should not be present. 

Metallic, zinc contact with a uranium mineral in HCl solution will form a 
yellow dcjx)sit on the residual zinc when the acid is used up. 

Vanadium, V. In the C.T, with KHSO4, vapadates give a yellow mass. 

Dissolved in H2SO4 and reduced with zinc, if a vanadate is present, the solu- 
tion becomes successively yellow, green, greenish- blue, bluish-green, bluish- 
violet, and lavender. 

Place a little of the finely ground mineral in a porcelain dish, add a little cone. 
HCl then metallic zinc and boil for a few minutes. If vanadium is present the 
solution will become blue, gnnin, then bluish-violet. W, Ti, Cb, Mo, U and 
Ru also give color reactions. 

If H2O2 is added to a cold acid solution of a vanadate, a deep yellow to red 
tint is acquired, which changes to blue on heating. Ether does not extract the 
color but remains colorless (distinction from chromium). The color is not af- 
fected by H3PO4 (distinction from iron), or HF (distinction from titanium). 
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Fuse the powdered mineral with four parts of soda and two parts of potas- 
sium nitrate (KNOg) on the platinum foil. Digest the fusion with warm water. 
Filter and acidify with acetic acid, and add a little lead acetate. Lead vanadate 
is thrown down as a pale yellow precipitate. Filter, wash, and confirm by 
the bead tests. 

If an ammoniacal solution of vanadium is treated with H2S, a violet-red color 
is obtained. This is a very sensitive test in the absence of molybdenum^ which 
gives a similar color reaction. 

Vanadium may be tested for in the alkaline solution before filtering off the 
A1 group precipitate. Place a drop of the alkaline solution and a drop or two 
of cone. HCl in a small crucible and evaporate nearly to dryness. Pour the 
residual solution upon filter paper, add a drop of 1% FeQa solution and three 
drops of dimethylgly oxime and make alkaline with NH4OH. Vanadium gives 
a cherry-red to brown color. By dipping the paper into animonia solution, the 
brown ferric hydroxide washes off, leaving the paper colored by the iron 
diniethlglyoxime. 

Gallium, Ga. Ga(OH)8 is white, res(?mbling Al(OH) 3 , and is quite soluble 
in NH4OH, which is increased by ammonia salts. Al(OH )3 is insoluble in the 
presence of ammonia salts. Ga(OH)3 is readily soluble in (NH4)2C03 solution ; 
A1(C)H)3 is not soluble. 

Gallium can be separated from aluminum by precipitation with potassium 
ferrocyanide from weak HCl solution, as white or bluish-white gallium fer- 
rocyanide. 

Procedure 19 

The filtrate from P -14 is concentrated to a small volume, filtered and allowed 
to cool. To this is added one volume of strong ammonium carbonate solution 
and one volume of 95% alcohol and allowed to stand for a half hour, with 
frequent shaking. A precipitate indicates the calcium group (Ca, Ba, Sr, Mg) 
and any one or all may be present. If no precipitate forms, all are absent. Treat 
the solution by P- 22 . 

If a precipitate is formed, filter; treat the precipitate by P -20 and the filtrate 
by P- 22 . 


Procedure 20 

Moisten a portion of the precipitate from P -19 with HCl, then take a piece 
on a clean platinum loop (cleaned by repeated dipping in cone. HCl and flaming 
until no further flame coloration is obtained) and hold in the nonluminous zone 
of the O.F. The flame colorations produced by the various members of the 
group are as follows: 
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FLAME COLORS 




With Merwin Screen 

Calcium, Ca 

Yellowish to orange-red. 

Through 1. Flash of 
greenish- 
yellow. 

Through 2. Invisible. 

Through 3. Flash of 
crimson. 

Barium, Ba. 

Yellowish-green. 

Through 1. Bright green. 
Through 2. Faint green. 
Through 3. Faint green. 

Strontium, Sr. 

Crimson-red. 

Through 1. Invisible. 
Through 2. Invisible. 
Through 3. Crimson. 

Magnesium, Mp^. 

None. 

None. 


ADDITIONAL TESTS 

Calcium, Ca. The flame colorations should be sufficient identification for 
this element. 

Calcium oxalate (CaC204) is virtually insoluble in hot acetic acid. 

Calcium sulfate (CaS04) is quite soluble in water and HCl. 

Dissolve a portion of the precipitate from P-19 in a little water and HCl, 
make alkaline with NH4OH then acid with acetic acid.Tlace a drop of this 
solution, a few drops of a saturated solution of potassium ferrocyanide 
[K4Fe(CN)6] and a drop of alcohol on a watch glass and mix. A white, crys- 
talline precipitate indicates Ca, Strontium gives no precipitate, barium is pre- 
cipitated only from concentrated solutions, and magnesium precipitates only 
from alkaline solutions. 

Barium, Ba. Barium oxalate (BaC204) is completely soluble in hot acetic 
acid. 

Barium sulfate (BaS04) is insoluble in w^atcr and HCl. 

Dissolve a small part of the precipitate from P-19 in acetic acid and add 
K2CK34 or K2Cr207. A yellow precipitate indicates barium. Ca, Sr, and Mg do 
not give this reaction, except from concentrated solutions. 

Dissolve a small part of the precipitate from P-19 in cone HCl and add a 
drop of HJ.SO4. A white precipitate that is insoluble in acids indicates barium. 

Strontium, Sr. The flame colorations should be sufficient indication for this 
element. 

Strontium oxalate (SrC204) is somewhat soluble in hot acetic acid, 

Strontium sulfate (SrS04) is much less soluble in water and HCl than CaS04. 
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Magnesium, Mg. Tht* oxalate and sulfate are completely soluble in hot 
acetic acid or a mixture of water and HCl. 

Dissolve a portion of the precipitate from P -19 in dilute HCl. Place a drop 
of this solution and two drops of quinalizarine on the spot plate and mix 
thoroughly, then add one drop of 20 % NaOH solution. Magnesium gives a 
blue precipitate or color. A blank should be run at the same time. The dif- 
ference between the blue-violet of the blank and the blue of the Mg is in- 
tensified by standing, as the color of the blank gradually fades, while the blue 
of the Mg is stable. The other members of the group do not interfere if the 
NaOH concentration is sufficient. If there is any doubt, add a drop or two 
more NaOH. Much calcium may give a violet precipitate the same color as the 
blank. 

Dissolve the remainder of the precipitate from P -19 in a small volume of 
dilute HCl, make strongly alkaline with NH4OH, add ammonium oxalate 
[(NH4)2C204] and alloAV to stand for some time in the cold. This precipitates 
the Ca, Ba and Sr as oxalates. Filter, and to the filtrate add sodium phosphate 
(Na2HP04) and allow to stand. A white precipitate indicates Mg. Plaice some 
of this precipitate on charcoal, moisten with cobalt solution, and heat strongly. 
Magnesium should give a pink or flesh color. An excess of the cobalt solution 
should be avoided, as it leaves a black oxide which may obscure the test. 

Procedure 21 

If the PO4 radical was found in the test in P- 13 , the precipitate from P -'14 
will contain the iron and aluminum groups and a part or all of the cal- 
cium group. In the regular wet methods these arc separated, but as this calls 
for quite elaborate procedure and equipment, and as the tests used in this 
scheme for the various members of the groups interfere with each other very 
little, this separation is omitted in this system of analysis. 

If PO4 is present, test the precipitate from P -14 by the tests for the iron, 
aluminum and calcium groups, as outlined in P- 16 , P -18 and P-20. 

If the solution is blue, or if further precipitation of molybdenum and vana- 
dium is desired, or if no test for either was obtained and one wishes to make 
certain that these elements (especially vanadium) are not l>eing overlooked, 
the filtrate from P -19 k made acid with HCl, boiled to expel the CO2, cooled, 
made strongly alkaline with NH4OH and H2S passed in to complete saturation 
or until a bright red color is obtained. The color may be yellowish if Mo and 
V are present in very small amounts. On acidifying this, the Mo is thrown down 
as brown M0S3 and the V is precipitated as black V2S4 or V2S5. Even this treat- 
ment may not give quantitative removal of Mo and V and detectable amounts 
may still remain in the filtrate, coloring it blue. 

The vanadium precipitate is soluble in (NH4)2C03 and may be used to 
separate it from the M0S3, which is only slightly soluble. 

The filtrate is treated by P~ 22 . 
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Procedure 22 

The filtrate from P-19, P-21 or, if PO4 was present, from P-14, contains 
the sodium group (Na, K, Li, Cs, Rb). If the mineral was put into solution 
by fusion with soda or potassium bisulfate, this must be taken into consideration^ as 
Na and K from this will he present. If this is the case, the presence of the sodium 
group may be determined by taking a new sample of the finely ground mineral, 
mixing with one part of ammonium chloride (NH4CI) and eight parts of pre- 
cipitated calcium carbonate (CaCOs), heating on charcoal or in platinum (not 
silica or porcelain, as these are attacked), grinding and leaching with water 
(no acid). This puts the alkali metals in solution as chlorides, along with a 
little calcium. The calcium is removed by P-19, is filtered, and the filtrate 
treated as below, 

Evaporate in a silica or porcelain dish to dryness, slowly, to prevent spat- 
tering; ignite below redness until no more white fumes are given off, keeping 
the dish in continual motion and making sure that all parts of the dish have 
been heated to remove all ammonia and volatile salts. The residue left in the 
dish is the sodium group (Na, K, Li, Cs, Rb) and any one or all may be 
present. If no residue remains^ all are absent. 

Treat the residue by P-23. 


Procedure 23 

Moisten the residue from P-22 with HCl, then take a small piece in a clean 
platinum loop (cleaned by repeated dipping in cone. HCl and flaming until no 
further coloration of the flame is obtained) and hold in the non-luminous part 
of the O.F. The coloration produced by the various members of the group are 
as follows : 


FLAME COLORATION 


With Naked Eye* 

With Merwin Screen 

Sodium, Na 

Intensely yellow. 

Through 1. Invisible. 
Through 2. Invisible. 
Through 3. Invisible. 

Potassium, K 

Pale violet. 

Through 1. Blue- violet. 
Through 2. Deep red- 
violet. 

Through 3. Red-violet. 

Lithium, Li 

Carmine. 

Through 1. Invisible. 
Through 2. Invisible. 
Through 3. Crimson. 
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ft * 

If ffiuch sodiufn is pfesent^ it is likely to mask the colors of the others so that 
they can not be seen with the naked eye. Lithium, however, usually shows 
through the sodium. 

Caesium, Cs and Rubidium, Rb give flame tests almost identical with potas* 
sium and a spectroscope must be used to identify them. 

ADDITIONAL TESTS 

There are no simple chemical tests for the separation and identification of 
the alkali metals. 

Caesium, Cs. Add a small amount of water to the precipitate, so that not 
all of the salt is dissolved, thus giving a saturated solution, and add HNO^ 
until it is neutral or only faintly acid. To a drop of this solution on a spot plate 
add a drop of potassium ferrocyanide-lead acetate reagent. A yellow to orange 
precipitate after a few minutes indicates caesium. 

Place another drop of the solution and a drop of potassium-bismuth iodide 
on filter paper. An orange to yellow stain indicates caesium. A blank should be 
run at the same time. 


Procedurp: 24 
TESTS FOR ANIONS 

Care must be exercised at all times when fusions are made on platinum, to 
ascertain that none of the members of the silver or hydrogen sulfide group are 
present, as these metals alloy with the platinum. The following tests are car- 
ried out with the sodium carbonate bead in the platinum loop. 

SODIUM CARBONATE BEAD REACTIONS 

Make a bead of soda and touch the hot bead to a speck of the mineral. Fuse 
in the O.F. and note the reactions which indicate the following: 

Man^nese, Mn. Bluish-green, opaque bead. This reaction may not be 
obtained unless potassium nitrate is also present in the soda bead. 

Chromium, Cr. Yellow, opaque bead. 

Silica, Si02, is indicated by effervescence and solution to a clear colorless 
bead unless colored by one of the metals. 

Sulfur, S as Sulfate, SO 4 . If the fusion has been made on Pt in the O.F., 
and is crushed, moistened with water and placed on bright silver, no discolor- 
ation should result. If the fusion has been made in the strong R.F. or on coal, 
and is crushed and placed on bright silver, it will turn black. By this treatment 
sulfates are reduced to sulfides. 

Sulfur, S as Sulfides. If the fusion has been made on Pt in the O.F. and 
turns bright silver black when crushed and moistened with water, S is present 
as sulfides or sulfo salts. Selenium and tellurium show this also and must 
be tested for separately. 
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Procedure 25 

REACTIONS WITH KHSO4 IN THE CLOSED TUBE 

Mix the powdered mineral with an equal volume of potassium bisulfate 
(KHSO4) and heat in the C.T. The indications are as follows: 

Nitrates and Nitrites. Reddish-brown vapors (NC)2, N2O5) with a pungent 
odor. 

Chlorates. Yellowish-green fumes (CIO2) with the odor of chlorine. 

Iodides. Violet, choking vai:K)rs and a brown to black sublimate (free 
iodine). 

Bromides and Bromates. Brown irritating vapors. Free bromine is liberated 
and the tube may be filled with a heavy brown gas. 

Chlorides. Colorless gas (HCI) which forms white fumes if the mouth of the 
ammonia bottle is held near. 

Fluorides. The colorless gas (HF) etches the glass. 

Sulfides. The gas (H2S) has the odor of rotten eggs. Turns lead acetate 
paper black. 

Acetates. Smells like vinegar. 

Carbonates. Colorless gas (CO2) which causes a drop of lime water, if sub- 
jected lo it in the Pt loop, to become turbid. 

Oxalates. Colorless gas (CO) which burns with a blue flame. 

Further tests for the acid radicals and elements are carried out as 
follows: 

Boron as Borate. Warm some of the finely ground mineral with HCI and 
water; moisten a piece of turmeric paper with this solution and dry carefully 
(on a test tube of boiling w^atcr). A reddish-browm color that becomes blue lo 
black on moistening with NH4OH iiidicate.s boron. 

Mix a small amount of the powdered mineral with three parts of boric acid 
flux and water to a paste. With a clean Pt loop, test this in the tip of the non- 
luminous flame. If boron is present, the flame will liave a momentary green 
color. With this test lithium gives a carmine red. 

Most boron minerals give a yellowish-green flame if moistened with H2SO4, 
also if mixed with H2SO4 and NH4F. 

Alcohol, added to an H2SO4 solution of a borate, will burn with a green 
flame. 

Carbon, C as Carbonate. All carbonates effervesce with strong HCI, most 
of them in the cold. Add cone. HCI (HNO3 should be used with lead compounds) 
to the powdered mineral in the C.T. Carbon (CO2) is indicated by effervescence. 
Place a gloMung splinter in the tube. If CO2 is present, it will be extinguished 
at once. Pour the gas, which is heavier than air, into another tube containing 
a solution of Ca(OH)2 or Ba(OH)2, close with the thumb, and shake. If CO2 is 
present, a white precipitate will be formed. 
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The addition of a* carbonate to a clear S.Ph. bead will cause effervescence 
during fusion. 

Most carbonates are decomposed, by treatment before the blowpipe, into 
the oxide of the metal and CO2. The noble metals yield the metal instead of 
the oxide. 

As Hydrocarbon. If the specimen gives the odor of a burning substance 
when Ignited, it is probably organic and is one of the hydrocarbons. Heated in 
the C.T., hydrocarbons usually deposit a ring of oily substance in the upper 
part of the tube. 

On the plaster tablet, carbonaceous material forms a brownish-black non- 
volatile coat. 

Fluorine, F as Fluoride. Mix the powdered mineral with four volumes of 
sodium meta-pho.sphate (NaPOs) and heat in the C.T. Fluorine is indicated by 
the etching of the glass and the deposition of a ring of Si02 that can not be 
removed by washing. 

In a lead dish (porcelain or glass coated with paraffin will serve) add cone. 
H2SO4 to the mineral. Hold a watch glass over this in the fumes. The evolution 
of hydrofluoric acid (HF) and the etching of the glass, indicate fluorine. 

Fluorides give a momentary green flame w'hen heated in the O.F. with borax 
and KHSO4. 

Most fluorides are unchanged by ignition, but by heating them with silica 
in moist air they are more or less completely decomposed. 

Hydrogen, H as H2O. Hydrogen as water of crystallization is tested for by 
licating the substance in the C.T. Care must be used that only the bottom part 
of the lube is heated to allow the water to condense in the upper, cooler portion, 
Some minerals yield acid or alkaline water. To determine this, test with litmus 
paper. 

As Hydrocarbon. Hydrogen and carbon occur together in the hydrocarbons; 
if carbon as hydrocarbon is indicated above, hydrogen is also prcsf‘nt. 

Nitrogen, N as Nitrate. Boil some of the finely ground mineral with water 
(no acid), cool and add twice its volume of cone. H2SO4. After cooling, pour a 
concentrated solution of ferrous sulfate (FeS04) carefully on top of the mixture, 
A dark ring at the juncture of the two liquids indicates nitrogen as nitrate. 

Heat the mineral in the C.T. with KHSC)4. Red-brown Eicrid vaixrrs (NO2 
and N2O5) indicate the NOa radical. Moisten a piece of filter paper in FeS()4 
solution and hold in the vapors. If the fumes are due to nitrates, the pai^er will 
be turned browm. 

Nitrates deflagrate very violently if fused on charcoal. 

As Ammonia. Mix the powdered mineral with an equal amount of slaked 
lime [Ca(OH)2] and make into a paste with water (moistening the mineral with 
strong NaOH will give the same result), and heat in the C.T. If NH3 is present, 
it will be evolved as a gas and can be detected by its odor and will turn red 
litmus paper blue. 
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Oxygen, 0 . Oxygen is usually not tested for independently^ as only a few 
of the minerals have an excess which will be liberated on heating. The usual 
test is in conjunction with the oxy-acids. If none of the acid elements are found 
in the mineral and it is not a metal, it is usually considered as being an oxide. 

A few of the higher oxides, such as manganese dioxide (Mn02)f if heated in 
the C.T., yield oxygen. If a glowing splinter is held in this it will burst into 
flame and burn brightly. 

Fuse the finely ground mineral with four volumes of soda, crush the fuse 
mass, boil with water (no acid), filter, divide the filtrate into three parts and 
treat as below. 

PART 1 

Acidify with HCl, boil, filter and test small portions as follows: 

Sulfur as Sulfate. Add a drop of BaC]2 solution. A white precipitate that 
is insoluble in acids indicates the. sulfate radical (804). 

5 ?ome sulfates are insoluble in acids and must be put into solution by fusion 
with soda on charcoal. Barite is such a mineral. The sulfate is reduced to sulfide. 

As Sulfide. If lead acetate is added to the acidified solution before boiling it 
will turn black if sulfide is present. 

See also soda bead tests, P- 24 . 

Most sulfides on roasting, yield SO2. 

Some sulfides yield a sublimate of sulfur when heated in the C.T. This is 
red while hot and yellow when cold. 

Silicon, Si as Silica, Si02. Evaporate a iX)rtion to dryness, treat with cone. 
HGl and again evaporate to dryness, add HCl and water, A white insoluble 
residue indicates silica. 

Fuse some of the mineral with an equa .1 volume of soda on charcoal in the 
O.F. Silica (Si02) will dissolve with effervescence to a colorless bead (unless 
colored by one of the meials); additional soda will cause the bead to become 
opaque. 

Borax with silica gives a clear bead. 

Treat a speck of the mineral in the S.Ph. bead. The silicates will remain as a 
skeleton of about the same shapi^ as the original particle and will float around in 
the bead. 

If S.Ph. is added to a clear borax bead that is nearly saturated with silica, 
it will become opaque. 

The procedure for putting the mineral into solution in preparation for analy- 
sis describes methods of removing silica. 

Si02 treated with HF forms volatile SiF4. Many silicates, if treated with 
cone. H2S()4 and HF and heated, will decompose with the evolution of SIF4, 
leaving a silica-frec residue. This is often used for the removal of silica in prepa- 
ration for analysis. 
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PART 2 

Acidify with HNOb, boil, filter and test small portions as follows: 

AtssiiIGi As, as ArseilRte. Arsenates g'ive the same test with ammonium 
molybdate as phosphates. See below. 

Ghlorinei Cl as Chloride. Add a drop of AgNQs. A white precipitate which 
dissolves in NH4OH and is reprecipitated on again making acid with HNO3, 
indicates chloride. 

Mix the powdered mineral with four volumes of KHSO 4 and a little manganese 
dioxide (MnO^) and heat in the C.T. Cl is indicated by acrid yellowish-green 
vapors. 

Saturate an S.Ph. bead with CuO, add a speck of the mineral and heat in the 
O.F. Cl gives an azure-blue flame with a little green. 

Bromine, Br, as Bromide. To another portion add a drop of AgNOa. A 
yellow precipitate which dissolves with difficulty in NH4OH, indicates . Br as 
bromide in the absence of iodine. 

Saturate an S.Ph. bead with CuO, add a small amount of the mineral arid 
treat in the O.F. Br is indicated by an azure-blue or emerald-green flame. 

Fuse the mineral with soda, pulverize, mix with manganese dioxide (Mn 02 ), 
add a few drops of cone. H 2 SO 4 and heat in the C.T. Br is indicated by the 
evolution of choking red-brown vapors. 

Iodine, I, as Iodide. To a third portion add a drop of starch solution and 
a few drops of chlorine water. A blue color indicates iodine. 

Add a speck of the mineral to an S.Ph. bead saturated with CuO and treat in 
the O.F. Iodine will give an emerald-green flame. 

Phosphorus, P as Phosphate. To a fourth portion, add a few drops of 
cone. HNO3 and ammonium molybdate solution. Warm and let stand for a 
few' minutes. A yellow precipitate indicates phosphate. 

Most phosphates give a bluish-green flame if moistened with H2SO4. 

Fuse the mineral with a small piece of metallic magnesium or sodium in the 
C.T. and moisten with water. If P is present, phosphine (PH3), recognizable 
by its disagreeable odor, is evolved. 

The same test may l)e made by mixing the powdered mineral with an equal 
amount of soda, placing it in the C.T. as a cover over metallic magnesium, and 
heating. All must be dry. On heating, if P is present, there will be a bright 
incandescence and on crushing the mass and moistening with water, the odor 
of PH3 will be detected. This is somewhat like the garlic odor of arsine (AsHa). 

See P-13 for other tests. 


PART 3 

Acidify with acetic acid, boil, filter and treat small portions as follows; 
Ghro^um, Cr, as Ghromates. Add a drop of lead acetate solution. A 
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yellow precipitate indicates the chromate (Cr04) or dichromate (Cr207) radical. 
See P “18 for other tests. ' . 

Carbon, C as Oxalate, C2O4. To another portion add a few drops of cal- 
cium chloride (CaCl2) solution. A white precipitate which, when mixed with 
manganese dioxide (Mn02) and cone. H2SO4 and warmed, gives off CO2, in- 
dicates the oxalate radical (C2O4). 

All oxalates arc decomposed on ignition, with slight carbonization. 
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CHAPTER VI 

The Flame and Its Use in Blowpiping 

An ordinary flame such as a candle or gas burner consists of three {Wrts. Just 
above the wick or burner is the transparent zone "A," composed of gas or 
volatilized fuel that has not yet fired. Outside of this is zone “B,” composed of 
burning gas. In the luminous flame it is rendered yellow by minute particles of 
incandescent carbon produced in the thermal decomimsition of some of the 
hydrocarbons in the fuel. In the nonluminous flame this region i.s bluish as 
sufficient air is present to oxidize these compounds without the formation of 
particles of free carbon. Covering the entire outside is the faint bluish, hardly 
visible mantle, zone "C," composed of the products of complete combustion. 
See Fig 20. • 



Normal Bunsen Burner 
Flame 


Fig. 20. 


Oxidizing 

Blow Pipe Flames. 


Reducing and oxidizing reactions can be carried out in the ordinary flame, 
for a reducible substance will be deoxidized if held at the junction of the “C" 
and "B" zones, and oxidation will occur at the outer edge of the tip of the 
‘‘C" zone. Using the flame in this manner, however, is not very satisfactory, 
and because of the much better results obtained, a blowpipe is generally used. 
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A Blowpipe is a tube, usually of brass, so arranged that a fine jet of air 
may be delivered from the mouth of the operator, at right angles to his line of 
vision, into or through a flame, thus directing and controlling the amount of 
heat and type of flame applied. 

Learning the proper use of the blowpipe^ is somewhat difficult; a novice is in- 
clined to blow with his lungs, which is incorrect. Good blowpiping can be ac- 
complished only after the proper method has been learned. The success of blow- 
piping as a means of making qualitative tests depends on its proper manipula- 
tion, as it is necessary tliat the operator be able to produce a strong, steady 
oxidizing or reducing flame for an indefinite period. Considerable practice may 
be required before this can be accomplished. 

The blowpipe is held in any convenient manner, with the mouth piece held 
firmly between the lips or firmly pressed against them. The cheeks are filled 
with air and the passage between the throat and mouth is closed with the tongue 
in the same manner as one puffs out one’s cheeks. If this is done the cheeks will 
remain full of air and breathing through the nose can be carried on without 
in any way disturbing the air held in the mouth. This accomplished, the air 
in the mouth is expelled by the cheek muscles through the blowpipe. As the 
air is depicted, a fresh supply is taken in through the nose without interrupting 
the flow through the blowpipe. In this way a steady flame is produced and 
breathing is carried on normally through the nostrils. 

The production of the oxidizing flame by the candle and Bunsen burner 
is illustrated in r and e of Fig. 20. The Bunsen burner has slipped over it 
a blowpipe tip (**E”) which gives a flat flame and provides a support for the 
blowpipe. 

In producing the oxidizing flame (O.F.), the tip of the blowpq)e Is in- 
serted about into the flame. A steady current of air will elongate the flame 
into a narrow cone with a point almost as definite as that of a needle, and the 
luminous part will disapfiear if sufficient air is used. An oxidizable substance 
held at point "X,” or even further in toward the tip of inner cone “B,” will be 
rapidly oxidized. Flame tests are made by holding the material at this place, 
and as the flame just above the tip of inner cone “B" is hottest, fusion tests are 
made here. 

The reducing fleme (R.F.), is illustrated in h of Fig. 20. This flame is firo- 
duced by holding the tip of the blowpipe on the outside of the flame a short 
distance above the wdek or burner top. A jet of air blows the entire flame into 
a horizontal cone, but not to as fine a point as in the oxidizing flame. The air 
used is not sufficient to destroy the luminosity but does oxidize much of the 
free carbon, thus giving a higher temperature. A reducible substance held at 
"X” in the yellow^ tip of middle zone "B” will be rapidly deoxidized or reduced. 

Many of the elements give very characteristic reactions when subjected to 
different treatments under the blowpipe. 
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Assay of Gold and Silver with the Blowpipe 

Materials Required. Approximate quantitative determination of gold and 
silver can easily be made by blowpiping with the aid of a few simple pieces of 
apparatus. 

Since an accurate balance is not available to many, a method using a volume 
of ore and the volume of the final bead of metal has been worked out. At first 
consideration this might seem to lack much in the way of quantitative results 
but in practice, checking against assayetl samples, it has been found to be quite 
reliable. Most gold ores are primarily quartzes or silicates with varying amounts 
of gold and sulfides. These vary somewhat in specific gravity and this will nec- 
essarily change the weight of a measured amount of ore, but this difference in 
weight is in most cases not over 10% and in the majority will not he over or 
under the average to anything like this extent. If the gold or silver occurs as 
scales or relatively large pieces, it may be very difficult to obtain a repre- 
sentative sample. 

The sampler (ore measurer) shown in a of Fig. 21 was made of the bulb 
from the bottom of a thermometer. It has a volume of 2/10 milliliter and holds 
approximately 0.2 grams (not packed) of average, finely ground ore. The entire 
method is based on the treatment of this quantity. 

The other materials and equipment required for this determination are as 
follows: 

Flux. A good general purpose low melting flux is made by grinding and mixing 
together thoroughly the following materials in the proportions designated: 


Sodium Bicarbonate (Baking soda) 
Potassium carbonate 
Borax glass 
Flour (wheat) 

Litharge 


5 parts by weight. 
4 parts by weight. 
2 parts by weight. 
1 part by weight. 

6 parts by weight. 


Charcoal Slab. It is best to use the large 4'' x x 1^" slabs which are 
specially treated to retard their burning. They will give long service and many 
assays can be run with one slab. 

Borax Glass. This may be purchased from a chemical supply house or made 
by heating ordinary borax in an iron crucible until it is fused, then grinding. 
Porecelain%ust not be used for the fusion, as the glaze vrill be dissolved. 

Bone Ash- This may be purchased from a chemical supply house .or made 
by burning ordinary bones until all the organic matter is removed, then grinding. 

Cupels. In making these, a mould should be used. A very satisfactory one 
is shown in the detail drawing of b in Fig. 21. It is easily made from steel on 
a lathe. The cupels are made by thoroughly mixing together the ground bone 
ash with 10% of flour, then moistening with strong sal soda (ordinary washing 

139 



CHEMICAL ANALYSIS OF MINERALS 



(d) 

Ftg. 21. Sampler a; Cupel Mould b] Proport ional Tongs r; Calibrat ed Wedge d. 


soda) solution until it will stick together when pinched between the fingers. 
If too wet, the cupel will be dense and will crack in use, while if not wet enough, 
it will not hold together well. After moistening, it should be sifted through .1 
flour sieve to break up all lumps. 

To make the cupels, the ring is placed on a smooth block of wood or iron 
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and is filled with the moistened bone ash. The pestle is then inserted and 
pressed down with the hand, then given a sharp blow or two with a mallet. On 
raising the ring from the board the cupel is easily forced out. The thickness of 
the cupel is governed by the amount of bone ash used and the texture by the 
moisture content and the pressure exerted. 

Proportional Tongs. The final beads are spheres. Those from rich ores 
are small and those from poor ones are vtry tiny. In order to measure these, 
special equipment must be used. Proportional dividers may be purchased 
from a dealer in drafting materials, but they are not as satisfactory as the prp^ 
portional tongs shown in c of Fig. 21. These may be made from any convenient 
material, such as a folding steel rule, by grinding and filing into the shape 
shown. If one is made by the analyst, it is not necessary to have the long arms 
open exactly 10 times as wide as the short arms, but the exact relationship be- 
tween the two must be accurately determined with machinists' feelers, a cali- 
brated wedge, or a micrometer. 

Calibrated Wedge. This may be purchased from a machinists' supply 
house or made with a little patience and care. The one illustrated in d of 
Fig. 21 was made from a wood chisel by grinding and honing on a new 
IXirfectly straight oil stone, then calibrating with a micrometer, and marking. 

Assay Procedure. The approximate quantitative determination of gold and 
silver by the blowpipe is carried out as follows: Mix 1 measure (approximately 
0.2 grams) of the finely ground ore with 2 volumes of flux. Hollow out a 
shallow depression in one end of the charcoal block and place the mixture in 
It. Holding the block with a pair of crucible tongs, play the blowpipe flame 
on it gently until the material has fused, then strongly. On heating, small 
globules of lead will appear. As heating continues, these will graduall)'^ coalesce 
into larger ones. The assay must be turned and flamed from all sides so as to 
force the small lead particles around the edge into the center, or wherever the 
large globule is, so that all the lead is finally in one mass. This button of 
molten lead contains the gold, silver and any other precious metals. 

When the assay has been completely liquefied and the lead all collected into 
a single ball it is brought to the txlge, the assay and coal heated strongly, and 
the lead globule allowed to run off into a crucible, iron mortar, or other con- 
tainer. After cooling, the slag on the coal is removed with a knife blade and a 
small amount of borax glass is put in its place. The lead button is then added 
and scorification started. By playing a strong oxidizing flame over the lead, 
it is oxidized and the lead oxide along with the oxide of any other base metal 
is absorbed by the borax glass. As scorification continues, the bc?ad is seen to 
become gradually smaller. When it has been reduced in .size until it has a di- 
ameter of about (about the size of a pin head) it is removed from the 
coal and flux as before. 

It is now ready for cupellation. This is carried out by placing the bead in 
a cupel, placing the cuix;l on a slab of charcoal and playing a strong oxidizing 
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flame over the lead bead. As strong a blast with as much air and as little flame 
as is consistent with keeping the bead molten, should be used. As the bead is 
oxidized, the lead oxide is absorbed by the cupel, with the result that when 
all the lead has finally been burned off, a sphere of the precious metal re* 
mains. On removing the flame there will be a flash or "blick’’ when the 
metal solidifies. Sometimes a bright bead is not obtained, because of the pres- 
ence of copper or other metals. In this case it must be melted with additional 
lead (gold and silver free), then be again scorified with borax glass, and re- 
cupelled. On very refractory ores it may be necessary to repeat this process 
several times. 

The beads of gold and silver obtained from lean ores are very small, some- 
times with a diameter of only 1/1000 of an inch. A bead of this size can barely 
be seen with the naked eye. In order to measure a bead if is picked up with 
the small jaws of the proportional tongs, using a hand lense. Holding the 
tongs very carefully, the wedge is inserted between the jaws of the long end 
and a reading of this width taken. For example, if this width is found to be 
0.025" the bead has a diameter of 0.0025". Referring to the graph, Fig. 22, 
it is seen that this is equivalent to about 0.35 ounces of gold per ton, or if it 
is silver, 0.35 X 0.544, or 0.19 ounces per ton. 

The Ixiad may consist of pure gold or silver or a mixture of these, or it may 
contain any of the precious metals. If it is white, it is principally silver; if 
yellow, principally gold. With small amounts of lead, copper, platinum or 
paladium, the bead is not as bright as pure gold or silver. With rhoiliiim, 
iridium, ruthenium, osmium or osmiridium present, the bead does not brighten 
at all. 

If it is thought that the bead is a mixture of gold and silver, the amount of 
each may be determined by parting. A mixture of % or more of silver and 

of gold by weight will dissolve in nitric acid. If the bead does not have this 
great a silver content it is remcltcd wdth a piece of silver at lea.st twdee the 
size of the bead. This is then treated with nitric acid, which dissolves the 
silver. It is then filtered, the filter paper containing the gold carefully burned, 
the gold taken up with lead and re-cupelled. This bead will be pure gold and 
the difference between it and the original is the silver content of the ore. 

The method herein described makes no claim to being absolutely exact, but 
by its use wn can determine whether the ore under examination carries values 
of $1.00, $5.00, $10.00 or $1000.00 per ton, which in many cases will give the 
information we are after — namely, whether or not the ore is commercial and 
carries values that warrant further examination and expense. 

It is remarkable that with ores carr>dng as little as $1.00 per ton, which 
is 1 part by weight in about 1,000,000 parts of rock, a bead of gold will always 
be obtained. Sometimes it gets into a tiny crack and is lost or cannot be picked 
up and measured, but it is always there, and when it is considered that a bead 
with a diameter of 1/1000" has a volume of only 0.000,000,000,523, 6 cubic 
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inch and weighs only 0.000,000465, 6 gram it becomes still more astonishing. 
Due to the fact that these bea'ds are spheres, their weight by measurement is 
more accurate than that obtained by using the most delicate assay balance, 
which is accurate to 0.000,005 gram. It takes 30 beads 1/1000" in diameter to 
make a mass large enough to weigh on an assay balance. 


The Color Plates 

The color plates show the films and sublimates formed and the various 
color reactions obtained by treatment of compounds containing the different 
elements, on charcoal slabs, Plaster of Paris tablets, and platinum foil, both 
per se and with different reagents; also the bead tests and representative 
s|)ecimens of minerals. 

The list of blowpipe tests has been made as complete as possible, even in- 
cluding several tests which are of a negative nature. A great number of these 
tests were made and tlie ones selected for reproduction were chostui because 
it was thought they represented the average results obtained. It must, how- 
ever, always be remembered that no two tests will be exact duplicates. The 
sublimates will vary in amount, degree of color and location, depending on 
the .size of the sample used, the amount and intensity of the flame, etc. The 
sublimates on smoked plaster are more pronounced and definite than those on 
charcoal, probably due to the greater porosity of the coal. The bottom row 
of Plate 17 shows a few of the per se reactions on smoked plaster. 

The bead tests shown are of the cold beads. Several beads of each arc shown 
so as to give the different degrees of color and in some ^instances the different 
colors obtained by varying the amount of metal and flame treatment. These 
tests were especially difficult to reproduce for, while most of the colors are 
seen by transmitted light, some of the beads are opaque or nearly so and are 
viewed with reflected light. The color reproduction is therefore a combination 
of both, with the result that some of the beads show the reflected color, w^hen 
ordinarily that with transmitted light is the usual one, and vice versa. 

The minerals shown in the color plates were selected in an endeavor to pre- 
sent the average, ordinary, typical specimen. The outstanding and spectacu- 
lar ones are usually photographed, but for the pur^josc of this book it w^as 
felt that specimens which represent the great majority of those found should 
be reproduced, since it is intended to serve as an aid to those who wish to 
identify the unknown. When one knows and is able to identify a mineral, he 
will have very little difficulty in recognizing a spectacular specimen of it. 

It is extremely difficult to describe adequately a color, for saying that a 
film, bead, or mineral is yellow or green really tells very little, as there are 
many shades and degrees of color; when these are modified by other colors, 

144 














































BLOWPIPE REACTIONS 

the task is almost impossible. The color reproductions are as accurate as it is 
possible to obtain, taking into consideration the limitations of color photog- 
raphy and printing. 


Reactions with Hydrogen Peroxide 

(Use a 3 % solution.) 

The precipitate or mineral is dissolved in acid or, if insoluble, fused with 
soda or potassium acid sulfate and the melt dissolved in water and acid. 

Chroniluni: H2O2 added to a solution of a chromate acid with HCl or 
better H2SO4, and heated, gives a blue, then gn?en color. In a cold alkaline 
solution of a chromate, H2O2 produces a red color that slowly disap[x;ars. 

Titanium: H2O2 added to a .solution slightly acid with H2SO4 or HCl 
produces a yellow to orange-red color. HF or the addition of a fluoride destroys 
the color, H2O2 prevents the precipitation of Ti by Na2HP04 from weak acid 
solutions (difference from Zr). 

Vanadium: nearly neutralize the solution with NH4OH, take 1 ml, add 
5 drops of cone. HNO3 and 1 or 2 drops of H2O2 to the cold solution. A reddish- 
brown color results. The color is not destroyed by the addition of HF or a 
fluoride. 

Uranium: H2O2 added to a solution acid with HCl precipitates yellowish 
uranium tetroxide (UO4) that is insoluble in HCl but soluble in (NH4)2C03 
solution giving a deep yellow color. Sulfate ion hinders the precipitation. 

Molybdenum: evaporate to dryness carefully so as not to overheat; treat 
the residue with cone. NH4OH then with H2O2. A pink or red color is formed. 
On evaix)rating to dryness again and treating the residue with HNO3 or 
H2SO4, yellow permolybdic acid (HM0O4) is formed. 

Manganese, Cobalt, Nickel: NH4OH in the presence of NH4CI does not 
precipitate these metals. If H2O2 is added to the strongly ammoniacal solu- 
tion and boiled, Mn and Co are precipitated as Mn304 and C02O3. Both are 
brown and indistinguishable. Nickel is thrown down as apple-green nickelous 
hydroxide [Ni(OH)2]. This procedure serves to separate these elements 
from Fe, A 1 and other metals that form hydroxides that are insoluble in 
ammonia. 

Columblum, Tantalum: when dilute HCl and H2O2 are added to the 
freshly precipitated pentoxides and heated, Cb goes completely into solution 
and Ta is partially dissolved, giving a. yellow to orange color. By boiling to 
decompose the H2O2, the white Cb205 and Ta205 are precipitated. 

Gold: from alkaline solutions, H2O3 gives a precipitate of finely divided 
metal, brownish-black by reflected light but bluish-green by transmitted light. 
In dilute solutions a reddish coloration with a bluish shimmer is obtained. 
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Cerium: H2O2 added to an acid solution reduces ceric to cerous salts. If a 
cerous salt is precipitated with NH4OH and ah excess of H2O2 added, a reddish- 
brown precipitate of perceric hydroxide (CeOa-nHjjO) is precipitated, which on 
boiling is changed to pure yellow Ce(OH)4. 

Zirconium: when H2O2 is added to a slightly acid solution, the voluminous 
peroxide is precipitated. If this is warmed with cone. HCl, chlorine is evolved. 
H2O2 does not prevent the precipitation of Zr by Na2HP()4 from weak acid 
solutions (difference from Ti). 

Thorium, H2O2 added to a hot neutral solution or one faintly acid with 
HNO3 or H2SO4 or to an ammonium carbonate solution, causes all the Th to 
be precipitated as white hydrated thorium peroxide. 

Scandium, H2O2 prevents the precipitation of Sc by Na2HP04 from weak 
acid solution. Destroying the H2O2 by adding Na2S03 causes the scandium 
phosphate to be precipitated (similar to Ti). 

Yttrium: H2O2 added to an. alkaline solution precipitates gelatinous, un- 
stable, hydrated peroxide Y(0-0H)(0H)2. 

Copper: in a S% NaOH solution Cu usually gives a blue color, due to cupric 
salts, before the addition of H2O2. H2O2 oxidizes cuprous to cupric compounds. 
Cuprous hydroxide is yellow, cupric hydroxide blue. 

Osmium, Ruthenium, Palladium: H2O2 added to a solution of these 
elements in S% NaOH, yields yellowish colors similar to chromium. The color 
is destroyed by adding NH4CI to the cold solution. 

Platinum: the color is similar to Os, Rii, and Pd, but is not destroyed by 
NH4CI. 


Reactions with Metallic Zinc in Acid Solutions 

Titanium: Zn added to an HCl solution gives a violet color. The color is 
green if fluoride is present. 

Tungsten: Sn added to an HCl solution of a tungstate or suspended oxide, 
and boiled, yields a beautiful blue color; Zn gives a purple then reddish-brown 
color. Dilution with water does not destroy the color (difference from colum- 
bium). 

Golumbium: Zn added to an acid solution and boiled gives a blue to black 
color. The color disappears on dilution with water (difference from tungsten). 

Tantalum: gives no color reactions. 

Vanadium: an acid solution heated with metallic Zn becomes blue, green, 
then bluish-violet. 

Molybdenum: a solution acid with HCl or H2SO4, when treated with 
metallic Zn, becomes blue, green, then brown. 

Ruthenium; metallic Zn and HCl solution produces an azure-blue color 
which disappears with the precipitation of metallic Ru. 
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Uranium: Zn in acid solutions reduces the yellow uranyl to green uranous 
compounds; when all the acid has been used up, a yellow precipitate or coat- 
ing will form on the residual zinc. 

Selenium: red metallic Se is precipitated by Zn in acid solution and the 
zinc becomes coated with the Se and looks as if coated with copper. On warm- 
ing, the red Se is changed to brown or gray to black. 

Tellurium: from acid solutions Zn precipitates gray to black metallic 
tellurium. 

Thallium: is precipitated as the metal in tiny black crystals. 

Indium: is precipitated as the metal in white lustrous flakes. 

Osmium, Rhodium, Ruthenium, Iridium, Palladium, Platinum, 
Copper, Silver, Gold, Cadmium, Mercury, Indium, Thallium, Ger- 
manium, Tin, Lead, Bismuth, Selenium, Tellurium, Polonium, and 
Antimony: are all precipitated as metals by metallic zinc. 

Silver, Lead, Tin, Thallium and Indium: arc precipitated on the zinc 
from neutral or faintly acid solutions as silvery dendrites or “trees” with a 
metallic luster. They are usually large and loosely branched. The pre- 
cipitation of the metal does not take place until the zinc has used all the free 
acid. 

Antimony, Bismuth, Copper, Tellurium, Gold and Palladium: form 
dendrites more in form of moss and are shorter and more compact than those 
from the metals above. Some long slender “trees” may be formed. The den- 
drites usually have the characteristic color of the metal. Some of these metals 
will not be deposited on the zinc until all the free acid has been consumed. 

Manganese, Nickel, Ruthenium, Platinum, Iridium, Vanadium, 
Uranium, Tellurium, Selenium, and possibly Antimony and Bismuth: 
will form a yellow to brown or black stain on the zinc, but no dendrite or 
“tree” is formed. Some of these metals will not be dejxjsited until all the free 
acid has been consumed by the zinc. 

Mercury: is precipitated as minute silvery white globules. These are black 
by transmitted light. 

Antimony and Arsenic: may yield a gas, stibine SbHa and arsine AsHa. 
If these gases are allowed to escajK? through a tube along with hydrogen and 
burned, and a piece of glazed porcelain is held directly over the flame, metallic 
antimony and arsenic are deposited. Treated with sodium hypochlorite, this 
will dissolve the arsenic, but the antimony will be unaffected. 

Antimony and Tin; if a drop or two of an HC1 solution of Sb and Sn are 
placed on a piece of platinum and bright metallic zinc is then placed in the 
solution so that the two metals touch, a gray or black stain will be deposited 
on the platinum. On removal of the zinc, if the stain is due to antimony, it 
will not disappear; if due to tin, it will be dissolved if some free acid remains. 

Cadmium: is precipitated only from neutral solutions. 
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Per Se Reactions on the Plaster Tablet 
(Use Oxidizing Flame.) 

Antimony, Sb: The white coat of Sb203 and Sb204 is hardly visible; 
slightly yellowish around the assay. 

Arsenic, As (Metal): Gives a white, very volatile coating of over 

brownish-black metallic arsenic. The odor of garlic (arsine gas, AsHs) is often 
present. 

Arsenic Sulfides: yield a yellowish to reddish-brown, volatile coat of AsS 
and AS2S3. If heated too rapidly, brownish-black metallic arsenic is deposited. 

Bismuth, Bi; near the assay the roat is orange-yellow while hot and lemon- 
yellow when cold, with bluish-green far away. The coating is not very promi- 
nent. 

Cadmium, Cd: a reddish-brown to greenish-yellow or iridescent, non- 
volatile sublimate of CdO is formed near the assay. 

Carbon, C : carbonaceous materials form a btownish-black non-volatile coat. 

Copper, Cu: no coating is formed. 

Gold, Au: with high heat, gold forms near the assay a slightly purplish to 
rose color that is best seen when cold. 

Iron, Fe: no coating is formed. 

Lead, Pb: the coating is dark yellow while hot and lighter yellow when cold. 

Mercury, Hg: forms a drab-gray, extremely volatile sublimate of metallic 
mercury that may be formed into larger globules by rubbing. 

Molybdenum, Mo: the O.F. produces near the assay a yellowish-white 
crystalline coat of M0O3, with red M0O2, which when touched with the R.F. 
immediately changes to a ilecp blue. 

Selenium, Se: forms a cherry-red to crimson volatile sublimate or metallic 
selenium and Se02 and the odor of decayed horseradish. Where the coat is very 
thick, it is black. 

Silver, Ag: with intense heat, silver produces a non-volatile yellowish coat- 
ing of the oxide near the assay, which when touched with the R.F. becomes 
brownish and mottled. 

Tellurium, Tc: forms a volatile brown to black coat of Te and Te02 with 
sometimes a narrow blue fringe near the assay. Treated with cone. H2SO4 and 
heated gently it yields an evanescent pink color. Touched with the R.F., the 
flame is colored bluish-green. 

Thallium, Tl: the white coating of the oxide is hardly visible. 

Tin, Sn: the white coating of SnOo is hardly visible. Treated wdth cobalt 
nitrate solution and heated, gives a bluish-green color. 

Zinc, Zn: the white coating of ZnO is hardly vivsible. Treated with cobalt 
nitrate solution and heated, gives a grass-green color. 

(Many of the reactions that are listed under the tests on charcoal may be 
carried out to good advantage on smoked plaster in the O.F. and R.F.) 
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Reactions with Iodide Flux 
(On Plaster.) 

Mix 1 part of the powdered mineral or precipitate with 3 parts of iodide flux 
and treat on the plaster tablet with the oxidizing flame. 


COLOR OF COAT 

Antimony, Sb. Orange to peach-red 
coat that disappears when sub- 
jected to ammonia fumes. 

Arsenic, As. Lemon-yellow to orange- 
yellow coat which disappears if sub- 
jected to ammonia fumes. 

Bismuth, Bi. Chocolate-brown coat 
with underlying crimson and yel- 
lowish on the outer edge. 

Cadmium, Cd. Orange-yellow coat 
near the assay. 

Copper, Cu. Very slight yellow coat. 

Lead, Pb. Chrome-yellow coat, 
darker while hot, often covering the 
entire tablet. 

Mercury, Hg. If heated gently a 
bright scarlet very volatile coat 
with yellow fringes is formed. 

Molybdenum, Mo. A slight volatile 
yellowish coat is formc*d. 

Selenium, Se. Gives a reddish-brown 
to scarlet coat. Reddish fumes are 
given off. 

Silver, Ag. Slightly yellowish coat 
near the assay. Requires intense 
heat. 

Tellurium, Te. Gives a purplish- 
brown to black coat. The flame is 
colored pale green. 


REMARKS 

A drop of (NH4)2S3; on the coat forms 
an orange -red ring that is not dts- 
solved by a drop of NH4OH. 

A drop of (NH4)2S* on the coat forms 
a yellow ring that is completely dis- 
solved by a drop of NH4OH. 

Subjected to NH4OH fumes, the 
brown coating changes to orange- 
yellow, then cherry-red. 

(NH4)2Sx gives a slight yellowish-gray 
spot with a lemon-yellow border, 

(NH4)2S* gives a light brown ring and 
darkens the coat around it. 

A drop of (NH4)2Sa. applied to the 
film yields a black spot, often sur- 
rounded by a reddish cloud. 

If heated quickly, the coat is pale 
^^ellow or greenish-yellow and black. 

(NH4)2S^ forms a slight brown ring. 
The R.F. does not turn the coat 
blue. 

The flame is colored indigo-blue. 
(NH4)2S* dissolves the coat and 
forms a ring of deeper color. 

When touched with the R.F. it be- 
comes pinkish-brown and some- 
what mottled. 

(NH4)2S dissolves the coat. (NH4)2Sx 
has no effect. A drop of cone. H2SO4 
added to the coat and heated gently, 
yields an evanescent pink color. 
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Reactions with Iodide Flux — {Continued) 


COLOR OF COAT 

Thallium, Tl. Orange-yellow film 
near the assay, with purplish-black 
band far away. Entire coat finally 
becomes yellow. 

Tin, Sn. The coat is canary-yellow 
and brownish near the assay. 

Zinc, Zn. Nothing. 


REMARKS 

(NH4)2Sx changes the coat to choco- 
late-brown. 


The coat is obtained by treatment of 
the sulfide. 


Reactions with Bromide Flux 

(On Plaster.) 

Mix 1 part of the powdered mineral or precipitate with 3 parts of bromide 
flux and treat on the plaster tablet with the oxidizing flame. 


COLOR OF COAT 

Antimony, Sb. Forms a faint yellow 
coat far away, with reddish-yellow 
near the assay. 

Arsenic,’ As. Gives only a faint yel- 
low coat that i.s very volatile. 

Bismuth, Bi. Near the assay a 
brownish-black to red coat. Farther 
away the coat i.s canary-yellow and 
at a distance a brown border de- 
velops. 

Cadmium, Cd. Gives a lemon-yellow 
coat near the assay. 

Copper, Cu. Gives a brownish to yel- 
low coat near the assay, with a 
slight purplish band far away. 

Iron, Fe. Gives a blackish coat 
around the assay, with a brownish 
band far away. 


REMARKS 

(NH4)2Sa. forms an orange ring and 
develops the coat around it to 
orange-yellow. The coat and ring 
are not dissolved by NH4OH. 

A drop of (NH4)2 S:c forms a ring of 
slightly darker color. NH4OH dis~ 
solves both the ring and coat. 

A drop of (NH4)2S* forms a black spot 
surrounded by a brownish haze. 
NH4OH has no effect. 


(NH4)2Sx gives a slight grayish spot. 

The assay is greenish and the flame is 
colored blue. (NH4)2Sx gives a 
brown ring. 

(NH4)2S vapors turn the coat green 
and develop spots where no coat 
was seen before. 
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Reactions with Bromide Flux — {Continued) 


COLOR OF COAT 

Lead} Pb, Forms a small quite vola- 
tile canary-yellow film. 

Mercury, Hg. Only a faint yellow 
very volatile coat. 

Molybdenum, Mo. Gives a bluish- 
green coat with traces of blue and 
yellow on the edges and sometimes 
brown near the assay. 

Selenium, Se. Gives a brownish-red 
to yellow coat covering most of the 
tablet. Reddish fumes are given off. 

Silver, Ag. Gives an indistinct, 
slightly yellowish coat near the as- 
say. Requires intense heat. 


Tellurium, Te. Gives a coat, cover- 
ing most of the tablet, that is dark 
gray to black near the assay, grad- 
ing into reddish-brown through 
canary-yellow, with brown far 
away. The flame is colored pale 
green. 

Thallium, Tl. Gives a red dish -orange 
coat at some distance from the as- 
say, surrounded by a light lemon- 
yellow film. The reddish coat dis- 
appears on standing, leaving only 
the lemon-yellow film. Both coats 
are quite volatile. 

Tin, Sn. The treatment of the sulfide 
yields only a slight darkening of the 
tablet around the assay. 

Zinc, Zn. Nothing. 


REMARKS 

(NH4)2Sj placed l)eyond where the 
film is vi.sible gives a black spot 
surrounded by a nnklish cloud. 

A drop of (NH4)2 Sj: gives a black spot. 

A drop of (NH4)2 Sj. gives a brown 
spot. The R.F. does nol turn the coat 
blue, but makes it a deeper brown. 

The flame is indigo blue. (Nff4)2S 
and (NH4)2S:r. dissolve the coat and 
form a l ing of deeper color. ‘ 

Treated with the R.F., the coat be- 
comes mottled yellowish-brown and 
may be develoiJed over a consider- 
able i)art of the tablet. (NH4)2.Sx 
causes no change. 

(NH4)2S dissolves the coat. (NH4)2Sx 
applied to the lighter portions, 
foriTus a ring of darker color. H2SQ4 
added to the coat and warmed, 
yields an evanescent pink color. 


A drop of (NH4)2 Sx gives a brown 
spot w'ith a darker border, NH4OH 
dissolves both coats. 


No sublimate is formed. Very unsatis- 
factory. 
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Reactions with Chromate Flux 

(On Plaster.) 

Mix 1 part of the powdered mineral or precipitate with 3 parts of chromate 
flux and treat on the plaster tablet with the oxidizing flame. 


COLOR OF COAT 

Antimony, Sb, The coat is dark 
brown near the assay, grading into 
orange-yellow far away. 

Arsenic, As, The coat is orange- 
yellow near the assay and lemon- 
yellow far away. 

Bismuth, Bi. The coat is dark brow^n 
near the asvSay and light brown far 
aw’ay. 

Cadmium, Cd. Near the assay a 
coat that is red while hot and 
lemon-yellow when cold. 

Copper, Cu. Nothing. 

Iron, Fe. Nothing. 

Lead, Pb. The coat is black near the 
assay and brown far away. Traces 
of white may show in some places. 

Mercury, Hg. The coat is shiny black 
near the assay, with a small brown- 
ish yellow band next and gray far 
away. The coat is volatile. 

Molybdenum, Mo. Nothing. 

Selenium, Se. Cherry-red to crim- 
son coat very similar to that from 
the treatment per vse. 

Silver, Ag. The coat is brown to yel- 
lowish and near the assay. It re- 
quires high heat. 

Tellurium, Tc. Brown to black, vol- 
atile coat very similar to that from 
the per se treatment. 


REMARKS 

Yellow ammonium sulfide does not 
form a ring. 

Yellow ammonium sulfide forms an 
orange-yellow ring. 

Yellow ammonium sulfide [(NH4)2Si] 
forms a deeper brown spot. 

Yellow ammonium sulfide gives a 
light yellow spot. 


(NH4)2Sa: gives a black spot and retl- 
dish cloud where? no coat was visi- 
ble before. 

A drop of (NH4)2Sa; gives a ring of 
darker color. 


(NH4)2SiP dissolves the coat and forms 
a ring of deeper color. 

Treated with the R.F., it becomes 
more prominent. (NH4)2Sa. causes 
no change. 
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Reactions with Chromate Yujji— {Continued) 

COLOR OF COAT REMARKS 

Thallium, TL The coat is reddish- A drop of (NH4)2S:e gives a shiny 
brown to greenish yellow and near blackish brown spot with a darker 
the assay. It is quite volatile. The border, 
flame is colored green. 

Tin, Sn. Nothing. 

Zinc, Zn. Notliing. 


Sublimates 

PER SE 

Antimony, Sb. Dense white coat of 
51)204 and near the assay. 

Bluish far away. The coat is less 
volatile than that from As. Fumes 
continue after flaming is stoppcnl. 
The flame is colored pale yellowish- 
green. 

Arsenic, As. A white, very volatile 
coating of AS2O3 is formed. This is 
sometimes tinted w’ith brown or 
yellow from volatilized sulfides. 
The coating consists of octahedral 
crystals of AS2O3 and dejxjsits 
mostly at a distance from the as- 
say. Often the garlic odor of arsine 
gas, ASH3. 

Bismuth, Bi. The coat of Bi203 is 
dark, orange-yellow while hot and 
lemon-yellow when cold. It is 
greenish-white far away. Volatile 
in both flames. In both the O.F*. 
and R.F. a brittle, metallic button 
is formed and the flame is colored a 
pale greenish-white. 


ON Charcoal 

WITH THE FLUXES 

Iodide flux. Gives a white coat near 
the assay with yellow' far away. 

Bromide flux. The coat is white. 

Chromate flux. Gives a slight whit- 
ish coat with traces of brown near 
the assay. 

Iodide flux. Gives a volatile coat that 
is while near the as.say, with a 
canary- yellow V)order and a slight 
yellow coat beyond. 

Bromide flux. Gives a slight white 
volatile coal with a faint yellow bor- 
der. 

Chromate flux. Gives a very vola- 
tile slight while coat with a faintly 
yellow tinge. It is far from the assay. 

Iodide flux. The coat is chocolate- 
brown w'ith underlying scarlet. 
NH4OH fumes changes it to orange- 
yellow'. 

Bromide flux. The coat is white near 
the assay and greenish far away. 

Chromate flux. Gives a slight whit- 
ish coat near the assay. 
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Sublimates on Charcoal — {Continued) 


PER SE 

Cadmium, Cd. The coating of CdO 
is black to reddish brown near the 
assay and yellowish green far 
away. Thin coats show peacock 
colors. The coat is volatile in both 
flame. 

Copper, Cu. In the R.F., the Cu 
minerals are reduced to globules of 
red malleable metal and the flame 
is colored emerald-green, or azure- 
blue. 

Gold, Au. All gold compounds give 
a yellow malleable button of free 
gold if treated with soda on coal. 

Lead, Pb. In either flame, lead com- 
pounds (except the phosphates 
which require a flux) are reduced to 
metallic lead and yield, near the as- 
say, a dark yellow coat which be- 
comes sulfur yellow when cold and 
has a bluish-white border. Touched 
with the R.F., the coating disap- 
pears, tinging the flame azure blue. 


Mercury, Hg. Some mercury com- 
pounds volatilize without decom- 
position but most of them are re- 
duced and decomposed and yield a 
grayish white coat that is very vol- 
atile. It consists of metallic mer- 
cury and will collect into globules 
if rubbed. 


WITH THE FLUXES 

Iodide flux. Gives a slight whitish to 
greenish coat. 

Bromide flux. The coat is gray and 
some distance from the assay. 

Chromate flux. The coat is near the 
assay, reddish while hot and canary- 
yellow to greenish yellow when cold. 

Iodide flux. Slight grayish-white 
coating. 

Bromide flux. Very slight gray coat. 
The flame is a brilliant blue. 

Chromate flux. None. 

Iodide, Bromide, Chromate flux. 

Nothing. 

Iodide flux. The coat is greenish 
yellow, darker while hot, brown 
near the assay; the flame is colored 
azure blue. 

Bromide flux. The coat is whitish 
gray, volatile, and some distance 
from the asjSay. Touched with the 
R.F., the coat disappears, tinging 
the flame azure blue. 

Chromate flux. The coat is yellowish- 
white and volatile. It is not very 
prominent and is formed at some 
distance from the assay. Treated 
with the R.F., it disapf)ears, tinging 
the flame azure blue. 

Iodide flux. Yields only a faint yel- 
low coat. 

Bromide flux. A slight yellowish 
white, very volatile coat a consider- 
able distance from the assay. 

Chromate flux, (jives a very slight 
extremely volatile gray coat. 
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Sublimates on Charcoal — {Contintied) 


PER SE 

Molybdenum, Mo. Very near the 
assay copper-red Mo()2 is depos- 
ited. Beyond this but still near the 
assay is deposited a coating: of 
M0O3, pale yellow while hot and 
white when cold. Bluish faraway. 
It is sometimes crystalline. 
Touche<l with the R.F., it becomes 
azure blue and volatilizes. Volatile 
in the O.F. The flame is colored 
yellowish green . 

Selenium, Se. Steel gray very vola- 
tile coat near the. assay. At some 
distance white Se02. tinged red 
with metallic Se, and beyond a red 
border of metallic selenium is de- 
I)Osited. Red fumes are given off; 
characteristic decayed horseradish 
odor. The flame is colored blue by 
the coating. 


Silver, Ag. All silver compounds are 
reduced to a white malleable bead 
of the metal. On long treatment 
with the O.F., a faint reddish 
brown coat of the oxide is formed. 

Tellurium, Te. Dense white volatile 
coat of Te02 near the assay. Far 
away a gray to brownish black 
coat of metallic Tc. Treated with 
the R.F., the coat colors the flame 
green and volatilizes. The coat 
somewhat resembles that from an- 
timony. 


WITH THE FLUXES 

Iodide flux. Gives a white coat near 
the assiiy. Touched with the R.F., 
it is volatilized but does not turn 
blue. 

Bromide flux, A very volatile yellow- 
ish green coat is first deposited far 
from llie assay then, on longer 
flaming, a white one near. Treated 
with the R.F., it volatilizes but 
does not turn blue. 

Chromate flux. Nothing. 

Iodide flux. Small white coat near 
the assay, with a yellowish green 
border and traces of reddish brown. 
Yellowish fumes are given off. 
Characteristic odor. 

Bromide flux. Small white coat and 
yellowish fumes with a chsiracteris- 
tic odor. 

Chromate flux. Mixed red and yel- 
low fumes with a characteristic 
odor. The coating is very slight, 
W'hite near the assay, yellowish be- 
yond, traces of red far away. 

With the fluxes no special coating is 
formed but on long, intense heat- 
ing with the O.F. a faint reddish 
brown coat of silver oxide is pro- 
duced. 

Iodide flux. Gives a white to gray 
coat. The flame is colored pa)e green. 

Bromide flux. White near the assay, 
witli brownish black far away. The 
flame is colored pale green. 

Chromate flux. White near the as- 
say, with browni.sh black far away. 
The flame is colored pale green. 
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Sublimates on Charcoal — {Continued) 


PER SE 

Thallium, Tl. The O.F. yields a 
white very volatile coat of Ti20 
that is mostly distant from the as- 
say. Treated with the R.F., the 
sublimate volatilizes, coloring the 
flame emerald-green. 


Tin, Sn. The coat of Sn 02 is near the 
assay and is faint yellow and lumi- 
nous while hot and white when 
cold. If moistened with Co(N03)2 
solution and heated strongly, the 
coat becomes bluish green. Not vol- 
atile in the O.F. The addition of sul- 
fur and soda increases the amount 
of the coat. In the R.F. a slight coat 
is formed. 

Zinc, Zn. The coat of ZnO is near the 
assay and is canary-yellow while 
hot and white when cold. When 
moistened with cobalt nitrate solu- 
tion and heated strongly, the coat 
becomes grass green. Not volatile 
in the O.F. 


WITH THE FLUXES 

Iodide flux. The coat is lemon-yellow 
and is darker and brownish near the 
assay. 

Bromide flux. Yields a yellowish coat 
at a considerable distance from the 
assay, with a slight whitish film be- 
yond and a faint white one near the 
assay. The flame is colored green. 

Chromate flux. Gives a small yel- 
lowish white coat near the assay, 
with a faint white one beyond. The 
flame is colored green. 

The reactions with the fluxes are ob- 
tained by treatment of the sulfide. 

Iodide flux. White coat with patches 
and streaks of yellow through it. 

Bromide flux. White coat. 
Chromate flux. White coat. 


No reaction with the fluxes. 
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Borax Bead Tests 



OXIDIZING FLAUE 

REDUCING FLAME 


Hot 

Cold 

Hot 

Cold 

Antimony 

Pale yellow. 

Colorless to 
white. 

Pale yellow. 

Colorless. 

Bismuth 

Pale yellow. 

Colorless to 
white. 

Gray. 

Gray. 

Cadmium 

Pale yellow. 

Colorless to 
white. 

Pale yellow. 

Colorless. 

Cerium 

Yellow. 

Greenish 

yellow. 

Colorless. 

Colorless. 

Chromium 

Yellow. 

Green. 

Green. 

Green. 

Cobalt 

Blue. 

Blue. 

Blue. 

Blue. 

Copper 

Green, 

Blue. 

Colorless to 
green. 

Brownish, 
opaque red 
with much 
oxide. 

Didymium 

Pale rose. 

Pale rose. 

Pale rose. 

Pale rose. 

Iron 

Yellow to 
orange. 

Greenish to 
brown. 

Bottle-green. 

Pale bottle- 
g:reen. 

Lead 

Pale yellow. 

Colorless to 
white. 

Pale yellow. 

Colorless. 

Manganese 

Violet. 

Brownish to 
reddish v^iolet. 

Colorless. 

Colorless. 

Moiybdenum 

Pale yellow. 

Colorless to 
white. 

Brown. 

Brown to black 
and opaque. 

Nickei 

Violet. 

Reddish 

brown. 

Opaque gray. 

Opaque gray. 

Titanium 

Pale yellow. 

Colorless to 
white. 

Grayish or 
yellowish. 

Brownish. 

Tungsten 

Pale yellow. 

Colorless to 
white. 

Yellow. 

Brownish. 

Uranium 

Yellow to 
orange. 

Yellow to 
brown. Can 
be flamed 
enamel- 
yellow. 

Pale green. 

Green. Can be 
flamed 
black. 

Vanadium 

Yellow. 

Green. 

Brownish to 
dirty green. 

Yellow to 
green. 
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Salt of Phosphorous Beads 


OXIDIZING FLAME 


Hot 


Cold 


REDUCING FLAME 


Hot 


Cold 


Gray. 


Gray. 


Antimony 

Bismuth 

Cadmium 

Chromium 


Cobalt 

Columbium 

Copper 

Didymium 

Iron 


Lead 

Manganese 

Molybdenum 

Nickel 


Silica 

Tantalum 

Titanium 

Tungsten 

Uranium 


Vanadium 


Pale yellow. 
Pale yellow. 
Pale yellow. 
Reddish to 
dirty green. 


Blue. 

Pale yellow. 

Dark green. 

Pale rose. 

Yellow to 
brownish 
red. 

Pale yellow. 

Grayish violet. 

Yellowish 
green. 

Reddish to 
brownish 
red. 

Insoluble 
skeleton. 

Pale yellow. 

Pale yellow. 

Pale yellow. 

Yellow. 


Yellow. 


Colorless. 
Colorless. 
Colorless. 
Yellow'ish 
green to 
green. 


Blue. 

Colorless. 

Greenish blue. 

Pale rose. 

Brownish 

yellow. 

Colorless. 

Violet. 

Colorless. 

Yellow to 
brownish. 

Insoluble 

skeleton. 

Colorless. 

Colorless. 

Colorless. | 

Yellowish 
green to 
colorless. 

Greenish 
yellow. I 


Gray 

Pale yellow. 
Red to dirty 
green. 


Blue. 

Brown. 

Brownish 

green. 

Pale rose. 

Red or yellow 
to greenish 
yellow. 

Gray. 

Colorless. 

Dirty green. 

Reddish to 
brownish 
red. 

Insoluble 

skeleton. 

Pale yellow'. 

Yellow. 

Greenish to 
dirty blue. 

Pale dirty 
green. 

Brown to dirty 
green. 


Gray. 

Colorless. 

Green. If not 
completely 
reduced it is 
brown to 
red. 

Blue. 

Red- brown. 

Opaque red. 

Pale rose. 

Pale violet. 


Oay. 

Colorless. 

Yellowish 

green. 

Yellow to 
brownish. 

IiLsoluble 

skeleton. 

Colorless. 

Delicate violet 

Greenish blue. 

Green. 


Green. 
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BORAX BEADS 


• • 

o o 

• • 

o o 

m # 

Molybdanum 

Tungilon 

Tilonium 

Chromium 

Chromium 

IT. P/ 

R. P. 

R. F. 

O. P. 

r F. 

• • 

• o 

oo 

oo 

o o 

• # 

• • 

o o 

o o 

oo 

Cerium 

Vanadium 

Vanodium 

Iron 

Iron 

o. P. 

O. P. 

R. F. 

O. F. 

R. F* 

• • 

• • 

oo 

o o 

o o 

• • 

• • 

o o 

o o . 

o o 

Uranium 

Uranium 

Copper 

Copper 

Nickel 

O. P. 

R. F. 

O. F. 

R. F. 

O. F. 

• • 

oo 

oo 

oo 

m m. 

• • 

• o 

oo 

o o 

m m 

Coball 

Cobair 

Mongoneie 

Didymium 

Didymium 

O. F. 

R. F. 

SALT OF 

O. F. 

PHOSPHORUS 

O. F. 

BEADS 

R. F. 

• • 

mm 

o • 

• O 

• # 

• • 

m m 

• • 

• • 

% m 

Columbium 

TunqBlen 

Uranium 

Iron 

Iron 

R. F. 

R. F, 

R, F 

O F 

R. F. 

# # 

m m 

OO 

Oo 

• • 

# • 


o • 

o o 

m m 

Molybdenum 

Vanodium 

Vonadiurr 

Nickel 

Nickel 

R. F. 

O F. 

R. F. 

O. F 

R. F. 

o o 

oo 

o o 

o o 

• # 

• • 

oo 

• o 

o o 

m # 

Tilonium 

Copper 

Copper 

Chromium 

Chromium 

R. F. 

O. F. 

R. F. 

O. F. 

R. F. 

oo 

o • 

o o 

o o 

o o 

#• 

o o 

o • 

o e 

e o 

Cobell 

Cobalt 

Manganese 

Didymium 

Didymium 

O. F. 

R. F. 

O. F. 

PLATE IB 

O. F. 

Copt/rigkt hyO.C 

R. F. 

Srnm, 19U 



BLOWPIPE REACTIONS 

Reactions with Hydrobromic Acm 

Place the ground mineral on the plaster tablet, add a drop or two of HBr 
and heat with the oxidizing flame. 

Bismuth: a volatile, reddish green or yellow coating is formed. 

Copper: the flame is colored green and a volatile, purplish coating mottled 
with black is formed. This frequently changes to yellow. 

Iron; rust-colored, non-volatile spots are formed near the assay. If copper 
is present in the sample the coating from it may obscure the iron spots; these 
will become visible if the flame is applied directly to the coating near the assay. 

Lead: the coating is canary yellow in color. 

Mercury: the coat formed is yellow and volatile. 

Molybdenum : the coat formed is blue to bluish green and volatile. 


Color Changes on Heating in the Open Tube 


ORIGINAL 

COLOR 

COLOR AFTER HEATING 



Hot 

Cold 

Bismuth nUnerals 

White or colorless. 

Dark yellow to 
brown. 

Pale yellow to 
white. 

Cobalt minerals 

Pink. 

Black. 

Black. 

Copfier minerals 

Blue or green. 

Black. 

Black. 

Iron minerals 

Green, brown or 
red. 

Black. 

Black or dark red. 

Lead minerals 

White or colorless. 

Dark yellow to 
brown. 

Pale yellow to 
white. 

Manganese 

minerals 

Pink. 

Black. 

Black. 

Zinc minerals 

White or colorless. 

Pale canary- 
yellow. 

White. 


(The changes cited above usually ocxur when the oxides of the metals are 
produced during the heating.) 


Reactions with Cobalt Nitrate 

The ground mineral is heated slowly with the oxidizing flame on the plaster 
tablet or charcoal slab, allowed to cool, cobalt nitrate added, and again heated 
intensely with the O.F. The mineral should be light in color and infusible, for 
best results. 

Antimony oxide gives a bluish to dirty green color. The result is better if 
applied to the coat. 

Aluminum compounds give an ultramarine blue. Zinc silicates give a 
similar color. 
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Beryllium oxide gives a lavender, rather indistinct color. 

Magnesium minerals give ^ pink or flesh color which is best seen when 
cold. 

Silica gives a rather indistinct violet color. 

Titanium oxide gives a rather indistinct yellowish green color. 

Tin oxide gives a bluish to dirty green color. The results are better if the 
test is carried out on the coating. 

Zinc oxide gives a beautiful grass-green color which is very characteristic. 
The test is good whether carried out on small pieces, on the ground mineral, 
or on the zinc oxide coating. 


Flame Colors 

The flame color test should be carried out on a platinum loop that has been 
thoroughly cleaned. This is accomplished by reiDcatedly dipping the loop into 
cone. HCl and holding in the flame until no coloration appears. 

A small amount of the mineral powder or precipitate to be tested is placed 
in a watch glass and moistened with cone. HCl. The clean platinum loop is 
dipped into this and held in the noii-luminous part of the oxidizing flame and 
the color produced is noted. As the alkalies Na, K and Li arc more volatile 
than the alkaline earths, Ca, Ba and Sr, by heating the loop gently and then 
strongly, a differentiation can often be obtained, as the alkalies will show 
first, and are later followed by the color from the alkaline earths. 


Antimony 

Arsenic 

Barium 


Bismuth 

Boron 


WITH 

WITH 

NAKED EYE 

MERWIN SCREEN 


REMARKS 


Pale green. Especially evident when 
Livid blue. 

Yellowivsh green. Through 1, bright 
green. 

Through 2, faint 
green. 

Through 3, faint 
green. 


treated on cliarcoal. 
lOdor of garlic. 


Pale greenish 
white. 

Yellowish green. 


Through 

green. 

Through 

green. 

Through 

green. 


1 , 

2 , 

3, 


bright 

faint 

faint 


If a borate is decom- 
posed with HSO4 and 
added to alcohol and 
the alcohol ignited, it 
will bum with a yel- 
lowish green color. 
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Flame Colors^ — {Continued) 



WITH 

NAKED EYE 

WITH 

MERWIN SCREEN 

REMARKS 

Calcium 

Yellowish red. 

Through 1, flash 
of greenish 
yellow. 

Through 2, invis- 
ible. 

Through 3, flash 
of crimson. 

The color is obtained 
very readily. 

Copper 

Chloride 

Azure-blue. 

Through 1, bright 
green. 

Through 2, bluish 
green. 

Through 3, bluish 
green. 

The flame is tinged 
emerald green. 

Copper Iodide 

If treated per se, the flame is emerald green; with HCI, the 
color is azure blue. 

Copper Oxide 

Erbium 

If treated per se, 
color is azure blue, 
Green. 

the flame is emerald green; with HCl, the 

Indium 

A corn-flower blue, tinged on the outer edges with green. 

Lead 

Pale azure-blue, tinged with green on 

the edges. 

Lithium 

Carmine. 

Through 1, Invis- 
ible. 

Through 2, Invis- 
ible. 

Through 3, crim- 
son. 

If BaCl2 is added, the 
red of the Li will ap- 
pear before the green 
of the Ba. 

Molybdenum 

From oxides and sulfides, a faint yellowish green is developed. 

Phosphorous 

Pale bluish green. 

Through 1, green. 
Through 2, Invi- 
ible. 

Through 3, red 
violet. 

Better results are ob- 
tained if H2SO4 is 
used instead of HCl. 

Potassium 

Pale violet. 

Through 1, blue 
violet. 

Through 2, deep 
red violet. 

Through 3, red 
violet. 

Purplish red through co- 
balt glass. Rubidium 
and caesium give simi- 
lar colors and a spec- 
troscope is necessary 
to distinguish between 
them. 


161 







CHEMICAL ANALYSIS OF MINERALS 
Flame Colors — {Continued) 



WITH 

NAKED EYE 

WITH 

MERWIN SCREEN 

REMARKS 

Selenium 

Indigo blue. 


Has a characteristic 
odor. 

Sodium 

Intense yellow. 

Through 1 , invis- 
ible. 

Through 2, invis- 
ible. 

Through 3 , invLs- 
ible. 

Viewed through cobalt 
glass the yellow of Na 
is invisible but if K 
is present the purplish 
red will show. 

Strontium 

Crimson. 

Through 1 , invis- 
ible. 

If BaCl2 is added the 
red of the Sr will last 

Tellurium 

Thallium 

Grass green. 

Grass green. 

Through 2, invis- 
ible. 

Through 3 , crim- 
son. 

longer than the green 
of the Ba. 

Zinc 

Bluish green whic 
flame. 

1 usually appears 

as bright streaks in the 


Closed Tube Sublimates 

Place a small amount of the powder of the mineral in a closed tube and heat 
the bottom portion carefully. Heating with but very little oxidation is thus 
obtained and many substances react characteristically. The list below gives 
some of the sublimates formed and their derivation. 

Antimony Oxide. Sb204: a white fusible sublimate of needle-like crystals. 

Antimony Oxysulfide, Sb2S20 : difliicultly volatile sublimate which is black 
while hot and reddish brown when cold. Obtained from antimony sulfanti- 
monates and sulfides of antimony. 

Ammonia Salts: a very volatile, white sublimate. 

Atsenic, As: a brilliant, black sublimate, which is often gray and crystalline 
near the heated part of the tube. Obtained from metallic arsenic and some 
arsenides. 

Arsenic Oxide, AS2O3: a white, volatile sublimate consisting of octahedral 
crystals. 

Arsenic Sulfides, AsS, and AS2S3: easily volatile, deep red to almost black 
liquid while hot and a reddish yellow solid when cold. Obtained from realgar, 
orpiment and sulfarsenites. 

Lead Chloride, PbCl2: a white sublimate which fuses to yellow drops. 
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Mercury, Hg: minute, gray, metallic. globules which coalesce when rubbed 
with a match stick. Obtained from metallic mercury and amalgams. 

Mercuric Chloride, HgCla: a white fusible sublimate that is yellow while 
hot, white when cold. 

Mercurous Chloride, HgCl: a white infusible sublimate that is yellow 
while hot, white when cold. 

Mercuric Sulfide, HgS: a brilliant black solid which turns to red powder 
when rubbed. Obtained from cinnabar. 

Sellenium, Se: fusible black globules which become red when rubbed. 
Often also there are small gray crystals of the oxide Se 02 . Obtained from 
selenium and the selenides. A high tem|)erature is required. 

Sulfur, S: a dark yellow to red liquid while hot and yellow to white solid 
when cold. Easily volatile. In small amounts it is nearly white. Obtained from 
sulfur and a few of the sulhdes. 

Tellurium, Te: fusible, black globules which are formed only at high tem- 
peratures. Fused globules of the oxide, Te 02 are often present. Obtained from 
tellurium and the tellurides. 

Tellurous Oxide, Te 02 : pale yellow to colorless globules which are volatile 
with difficulty. Obtained from metallic tellurium and a few of its compounds. 

Water, H2O: a colorless, volatile liquid which collects in the upper, cooler 
part of the tube. It is usually neutral but may be either acid or alkaline. Ob- 
tained from minerals containing water of crystallization. 

Open Tube Reactions 

A study should be made of both the gases evolved and the sublimates formed 
in the open tube tests. The results obtained by treating certain substances in 
the open tube are given below. 

Antimony; forms dense white fumes which partly escape and partly con- 
dense as a white powder which is straw-yellow while hot. This powder is 
composed of crystalline, slowly volatile Sb203 and amorphous, non-volatile 
Sb204. 

Antimony Sulfides: the results are the same as for antimony except that 
fumes of SO2 are also evolved. 

Arsenic: yields a white, volatile sublimate of octahedral crystals, AS2O2. 
If complete oxidation has not taken place, a black mirror of metallic, arsenic 
may also result. Giirlic odor. 

Arsenides: same as arsenic. Garlic odor (Arsine AsHs). 

Arsenic Sulfides: same as arsenic but also if the heating has been too rapid, 
an orange or yellow deposit of sulfur or the arsenic sulfides may result. SO2 is 
formed. May have garlic odor. 

Bismuth; yields a fusible sublimate of Bi203 that is brown while hot and 
yellow when cold. 
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Bismuth Sulfide: a white, non-volatile powder, 512(804)3, is formed. 
This is fusible to yellow drops. ' 

I^ad Chloride: gives a white, partially volatile deposit of PbOCl2 which 
fuses to yellow drops. 

Lead Sulfide: yields white, non-volatile PbS04 near the assay which fuses 
to drops that are yellow while hot and white when cold. 

Mercury and Amalgams: yield a sublimate of minute, volatile metallic 
droplets which coalesce when rubbed with a match stick. 

Mercury Sulfide: if heated rapidly a deposit of brilliant, black sulfide is 
formed; if slowly, gray, metallic globules of mercury are formed and SO2 
evolved. Rubbing causes the droplets to coalesce. 

Molybdenum Oxide and Sulfide: yield a delicate network of crystals of 
M0O3 which are yellow while hot and white when cold. 

Selenium Compounds: forms a steel-gray, volatile coating of radiating 
needles of Se02 near the assay and the characteristic odor of rotten horse- 
radish is evident. A reddish deposit of metallic selenium may form at some 
distance from the assay. 

Sulfides: careful heating yields SO2 but heated too rapidly or wdth an in- 
sufficient amount of air docornposition results w'ith the deposition of sulfur 
which eventually disappears. 

Tellurium and Tellurides: form a white, non-volatile deposit of Te02 
which fuses into pale yellow’ or colorless drops. 

Fusion with Sodium Carbonate 
(On Charcoal.) 

Make a mixture of 1 part of the powdered mineral or precipitate to be tested 
with 3 parts of sodium carbonate and heat on the charcoal slab with the re- 
ducing flame. Note the color of the melt, the sublimates formed and any 
metallic globules that may appear. Some of the elements react characteris- 
tically. The sublimates formed are in general the same as when the substance 
is treated per se and will be found under the heading of Sublimates on Charcoal. 

Free Metals Formed 

Antimony: gray brittle buttons or beads. 

Bismuth: a reddish white somcw'hat malleable button with brittle edges. 

Cobalt: gives magnetic particles. 

Copper: gives a red, malleable bead which usually becomes black when the 
reducing flame is withdrawn! or if touched with the oxidizing flame. 

Gold: yellow^ malleable beads. 

Iron : gives magnetic particles. 

Lead: yields gray, malleable beads. 

Nickel: gives magnetic particles. 
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Silver: yields white, malleable beads. 

Tin: white malleable beads which oxidize easily. 

Fusion Colors 

Chromium: yellow color due to the formation of the chromate, Na 2 Cr 04 . 
Better if the O.F. is used. 

Copper: bluish green color, somewhat similar to that from manganese. 
Manganese: bluish green color due to the formation of Na 2 Mn 04 . 

These color reactions are better obtained on platinum than charcoal as tiiey 
deptmd on oxidation for their production. If done on platinum, add a little 
KNO3 as this assists in the oxidation. If KNO3 is used on charcoal small ex- 
plosions take place. 

Reactions of Blowpipe Tests to Ultra-Violet Light 

The blowpipe tests were subjected to ultra-violet light from a model No. 
V-41 Mineralight cold quartz lamp, with the following fluorescent and phos- 
phorescent effects (those not listed gave no noticeable response) ; 

Per se on coal: small blue and green spots. 

I flux on coal : blue and pink areas at assay. 

Br flux on coal : assay is brownish and pink with a red border. 
Cr flux on coal; assay is green with light orange around it. 
Per se on plaster: blue-white ring at assay. 

I flux on plaster: pink around assay. 

Br flux on plaster: pink around assay, 

Cr flux on plaster: slight brown around assay. 

I flux on coal : assay is bluish white and pink. 

Br flux on coal: assay is pink to red. 

Sulfide heated gtmtly on plaster: brownish red around assay. 
Sulfide heated strongly on plaster: brownish red around 
assay. 

I flux on plaster: pink around assay. Coating is brownish red. 
Br flux on plaster: coating is browmish red. 

Cr flux on plaster: coating is brownish red. 

Per se on coal : assay is orange with a brilliant red Border. 

I flux on coal: assay is bright blue. Coating is brilliant red. 
Br flux on coal; pink around assay. 

Cr flux on coal: assay glows as though on fire. 

Per se on plaster: blue white at assay. 

I flux on plaster: greenish spots at assay and coating is 
brownish red. 

Cr flux on plaster: red or ange through assay. 
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Cadmium: 

Chromium: 

Copper: 

Iron: 

Lead; 


Manganese: 

Mercury: 

Molybdenum: 


Per se on coal: 'the coating is brownish orange. 

Cr flux on coal: orange at assay, reddish just beyond. 

Per se on plaster: coating is red to deep brownish orange 
with sometimes brilliant ivory and green. 

Cr flux on plaster: brilliant red at some distance from assay. 

Soda fusion on coal: green spot at assay; assay is phosphor- 
escent. 

Per se on coal : cream yellow at assay. 

I flux on coal: green with tinges of red. 

I flux on plaster: cassay is green. 

Br flux on plaster: assay is green. 

Br flux on plaster: greenish white spots around assay. 

I flux on coal : gfeen and orange near assay with green streaks 
radiating outward. 

Br flux on coal: bright ivory and blue green at assay. 

Cr flux on coal: bright ivor>' and green around assay and 
covering considerable portion of slab. 

I flux on plaster: yellow at assay with greenish yellow film 
at some distance. 

Br flux on plaster: orange at assay. 

Cr flux on plaster: pink at assay with brown at some dis- 
tance. 

Soda fusion on coal: green spot at assay; assay is phosphor- 
escent. 

Soda fusion on plaster: phosphorescent but not fluorescent. 

I flux on coal ; deep blue and brilliant red areas. 

Br flux on coal : assay is bright brownish orange. 

Cr flux on coal: bright deep brownish orange at assay. 

I flux on plaster heated gently: brownish red on edge of film. 
I flux heated strongly on plaster: brownish red on edge of 
film. 

Br flux on plaster: blue and deep orange at assay. 

Per se O.F. on coal: greenish and brownish at assay. 

Per se R.F. on coal: greenish and reddish brown at assay. 

I flux on coal: greenish yellow and red around assay. 

Per se O.F. on plaster: the assay is brilliant yellow. 

Per se R.F. on plaster: the assay is brilliant yellow. 

T flux on plaster: the assay is yellow. 

Br flux on plaster: assay is yellow with brown at some dis- 
tance. 
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Sdenluni! 


Silver: 

Tellurium: 


Thallium: 


Tin: 


I flux on coal: green around assay with sometimes deep blue 
areas. 

Br flux on coal : assay has a yellowish brown color. . 

Cr flux on coal : assay is reddish orange like glowing coals of 
fire. 

I flux on plaster: reddish orange at assay; coating is dark 
brown. 

Br flux on plaster ; assay is reddish orange; coating is dark 
brown. 

Cr flux on plaster: assay is deep brilliant red; coating is dark 
brown. 

Per se on coal: orange at assay. 

I flux on coal; bluish white and pink around assay. 

Br flux on coal: bluish white at assay with brown around it. 

Cr flux on coal : assay is brownish orange. 

I flux on coal: brilliant blue, green, and ivory at assay and 
around it. 

Br flux on coal: brilliant yellow with blue-white and orange 
around assay. 

Cr flux on coal: bright brownish red at assay. 

I flux on plaster: bright bluish green and brilliant blue at 
assay. 

Br flux on plaster: assay is bright yellow with blue. 

Cr flux on plaster: orange through the assay. 

Per se on coal; orange-red at assay. 

Per se with cobalt nitrate on coal*, light orange red with 
green at assay. 

I flux on coal: assay is green to blue. 

Br flux on coal : assay and coating is yellow orange with 
sometimes green. 

Per se on plaster: orange red spots at assay. 


.SMOKED PLASTER TAULES (ALL PER SE TESTS) 

Antimony; green with pink spots. 

Arsenic: slight blue and whitish blue coloration. 

Cadmium: bright blue at assay with yellowish brown ring beyond and 
light blue farther away. 

Lead: slight greenish at assay. 

Mercury: small whitish blue at assay. 

Molybdenum: brilliant yellow at assay. 

Tellurium: bright red spot at assay. 
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Bead Tests. The only beads which responded to the ultra-violet light were 
the uranium O.F. (greenish) and copper R.F. (pinkish) of the Borax beads 
and uranium R.F. (greenish), copper R.F. (reddish), and tungsten R.F. (pink- 
ish), of the salt of phosphorous beads. 

Fluorescence of Sodium Fluoride Fusions 

A small amount of the oxide or salt of various elements was fused with about 
10 times its volume of sodium fluoride (NaF) on a charcoal slab in the O.F. 
After cooling, these were subjected to ultra-violet liglit from a model No. V-41 
Mineralight lamp with the following flourescent effects: 

(Aluminum, barium, beryllium, calcium, didymium, lead, magnesium, 
manganese, molybdenum, tellurium, tin and vanadium gave no response,) 


. Color 



ORDINARY LIGHT 

ULTRA-VIOLET LIGHT 

Antimony 

Gray. 

Blue and grixiii. 

Arsenic 

Gray. 

Blue and green. 

Bismuth 

Dark brown. 

Greenish ivory. 

Cerium 

Gray; yellow while hot. 

Red. 

Cadmium 

Red. 

Light blue and green. 

Cobalt 

Dirty blue. 

Deep blue. 

Columbium 

Pinkish white. 

Greenish white. 

Copper 

Brown. 

Ivory. 

Lanthanum 

White. 

Blue with traces of pink and 
yellow. 

Lithium 

Gray. 

Blue with pink and greenish 
areas. 

Mercury 

White. 

Blue. 

Nickel 

Dirty blue. 

Deep blue. 

Selenium 

Brown. 

Light blue. 

Silicon 

White. 

Pinkish blue. 

Silver 

Salmon. 

Green. 

Strontium 

Light brown. 

Yellow. 

Tantalum 

Pinkish. 

Bluish white. 

Thallium 

Brown. 

Dark green. 

Thorium 

White. 

Bright blue. 

Titanium 

White. 

Light blue. 

Tungsten 

Brown. 

Yellow. 

Uranium 

Gray. 

Brilliant greenish yellow. 

Yttrium 

White. 

Pinkish blue. 

Zinc 

White. 

Pink; sublimate is blue. 

Zirconium 

Salmon. 

Light blue and yellow. 


168 








BLOWPIPE REACTIONS 

Abbreviations 

A 


Ap adamantine 

B.B.p before the blowpipe. 
Blk.p black. 

Blksh.p blackish. 

Brwn., brown. 

Brwnsh., brownish. 


B 


cc.p cubic centimeter (almost the same quantity as a milliliter). 
Coal, charcoal. 

Cone., concentrated. 

Conch., conchoidal. 

C. T., closed tube (a glass tube closed at one end). 

D 

D. , dull. 

Depd,, decomposed, 

Dili., difficult. 

Dist., distinct in cleavage. 

Drk., dark in color. 

£ 

E. p earthy in luster or eminent in cleavage. 


G., greasy in luster. 
Grn., green. 

Grnsh., greenish, 
Gry.p gray 
Grysh.p grayish. 

Iiiiperf., imperfect. 
Inf., infusible. 

Ins., Insoluble. 

Lt., light in color. 


G 


I 

L 

M 


M., metallic, 
niic., micaceous 
micro., microscopic 

ml., milliliter (1/1000 part of a liter, approximately 1 cubic centimeter). 
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CHEMICAL ANALYSIS OF MINERALS 
N 

N., normal. (A normal solution contains 1 gram molecular weight of a sub- 
stance divided by its hydrogen equivalent in 1 liter of solution; i.e. 36.47 grams 
of HCl, 49.04 grams of 32.68 grams of H3PO4.) 


O.F., oxidizing flame. 

O. T., open tube. (A glass tube open at both ends in which substances are 
heated, allowing air to pass through, causing oxidation to take place.) 

P 

P. , pearly. 

P-1, P“2. etc, Procedure # 1 , Procedure #2, etc. 
plaster, Plaster of Paris. 

Pt. sol., partly soluble or soluble vrith difficulty. 

Pt. vol., partly volatile. 

R 

R., resinous in luster. 

Rd., red. 

Rdsh., reddish. 

R.E., Rare Earths (Ce, La, Pr, Nd, II, Sm) (Y, Eii, Tb, Ho, Dy, Gd, Rr, 
Tm, Yb, Lu) 

R. F., reducing flame. 

S 

S. , silky in luster. 

Sa., subadaniantine. t 

Sm., submetal lie. 

Soda, sodium carbonate or bicarbonate. 

Sol., soluble. 

S. Ph., salt of phosphorous (microcosmic salt) HNaNH4P04-4Ha0 
Sr., subresinous. 

Subconch., subconchoidal. 

Sv., subvitreous. 

V 

V. , vitreous. 

Vol,, volatile. 

W 

W. , waxy in luster. 

Wht., white. 

Whtsh., whitish. 

Y 

Ylw., yellow. 

Ylwsh., yellowish. 
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CHAPTER VII 

Mineral Identification Tables 



MINERAL IDENTIFICATION TABLES 


GROUP 1 

Specific Gravity 23.00-7.00 
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MINERAL IDENTIFICATION TABLES 


GROUP 1 

Specific Gravity 23.06-7.M 



INDEX 

OF REF. 

NAUE 

COMPOSITION 

REMARKS 

1 


AUKOSMIRIDIUM 

Au,09,lr 

Brittle. A solid solution of Au and Oa in cubic Ir. Insoluble 
in aqua rogia. 

2 


SCHBEIBERSITE 

(FeJfl),P 

B3.| a strongly magnetic globule. Strongly magnefic. 

3 


IRIDOSMINE 

Ir.Os 

Sll{titl)i millNbldo naarlY bittUt. Pir cml of Ir Is fnilir 
IbailhitofOs. 

4 


SLSEBSKITE 

OB,Ir 

lake iridosmine but % of Qa is greater than that of Ir. 

5 


SPERRYLITE 

PtASa 

BrittiB. HBitBilintbB0.T..llgive5asublimitBDf ASaOk. 

6 


PLATINIBIDIUM 

Ir^ 

kSoraewhat malleable. Unattacked by acids. Very ram. 

7 


TANTALUM 

Ta 

Minute cubic crystals and fine grains. 

8 

2.25 

THORIANITE 

ThOa 

Brittle. Radioactive. Uranium is usually present Soluble 
in HNOj and Hj ^4 with evolution of Helium gas. 

9 

2.25-2.45 

COLUMBITE- 

TANTALITE 

(Fe.Mn)(Cb.Ta)RO. 

Brittle. Partially rieconipesed by boHing HsSOa. 



IXIOLITE 

(Fe,Mii)(Cb,Ta)A 

Probably identical with Tapiolite. 

11 

2.27Li 

TAPIOLITE 

FeTaA 

Gives only a faint reaction for manganese. 

12 

2.26LI 

MOSSITE 

Fe(Ch,Ta)aOj 

Gives only a faint Mn reaction. Differs from Tapiolite in 
containing moro columbium. 

l.'i 


THOKIiAUUTE 

SnTaA 


14 


RAMMELS- 

RKUGITE 

NiAsa 

In C.T., gives a sublimate of metallic arsenic. 

15 


COHENITE 

(Fe,Ni)aC 

Strongly magnetic, Becomes light bronze to golden yellow on 
exposure. 

16 


MONIMOLITE 

3(Pb,FG,Ca)0’Sl)20fi 

B.B. on coal, gives a malleable lead colored globule. 

17 


URANINITE 

UOaor UaOs.PbO.etc. 

Brittle. The borax bead is yellow in the O.F.; becoining froM 
in the R.F. 

18 


BREITHAUraTE 

NiSb 

Brittle. On coal, fuses, gives antimony fumes and coats the 
coal white. 

19 


TMISKAMITE 

Ni4As2 

Reacts for arsenic and nickel. 

20 

2.3± 

rUTTNERITE 

PbOa 

Brittle. Fibrous. B.B. on coal, gives a lead button. 

21 

2.404 

STlBiarANTALITE 

Sb(Ta,Cb )04 

Only slightly attacked by boiling HaBO|. 

22 

2.419 

STIBIO- 

COLUMBITE 

Sb(Cb,Ta)04 

Only slightly attacked by HaSOi. 

23 


NICCOLITE 

NiAs 

Brittle. In C.T., fives a small white sublimate of ASkOi. 

24 

2.22 

HUEBNERITE 

MnWOa 

With soda and niter on PI foil, gives graenlsh Uui Mn 
reaction. 

25 

2.36Li 

WOLFRAMITE 

(Fi.Mn)W 04 

Brittle. B.B., gives manganese reactions. 

26 


LOELLINGITE 

FbAss 

In C.T., gives a sublimate of metallic arsenic. 

27 


BISMUTO 

TANTALITE 

Bi(Ta,Cb)04 

Insoluble in acids including HF 

28 


NICKEL-IRON 

Ni,F0 

Mallesblo. 

29 


MAUCHERITE 

NiuAsi, 

Brittle. Gives tests f or nickel and arsenic. 

30 


PARARAl^lMELS- 

BERGITE 

Ni^ 
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IflNERAL IDENTIFICATION TABLES 


. GROUP 1 


Specific Gravity 23.M-7.M' 


1 

H 

BP. GB. 

P 

Ba 

COLOR 

STREAK 

ng 

CLEAV- 

AGE 

FRACniBE 

STS- 

TBU 



7.45-6.95 

2.5 


Tin-white 

Gryshblk 

M 

Dist 

Uneven to 

0 ' 

n 

m 








conch 




9.5 



Steel-Rfsy 



Fair 

Conch 

T 

R 

M 

B.81 

1.5 


Silver'Whitie 




Uneven 


ft 

n 

m 

Inf 

Sol 

Or&nge-red 

Orange 


Perf 


m 

1 


9.5± 


inA 

Silver-white, steel- 



None 

Uneven 

I 




gray 


ipH 




36 

4^ 

9.22-8.64 



Crrvflh pni, p*nah. 

Gryah to ylw 



Uneven to 

M 






ylw, bright ylw 


earthy 



4-4.5 

19-14 

Inf 

Ins 

Stool-graif 

Gray, shiny 


Nona 

Hackly 

1 

38 

4^.5 

11.9 

Inf 

Sol in 

Steel-gray 

Gray, shiny 

M 

None 

Hackly 

I 





HNQs 







E 

4 

7.87-7.3 

Inf 

Sol 

Stool-gray to Iron- 


rn 

Port 

Hackly 

1 






black ‘ 


IH 




40 

4 

8.38 

2 

Ins 

steel-gray, BilvB^ 



None 

Subooncb 

H 






white 


IH 




41 

3.54 

9.81-9.67 

1.5 

Dcpdbv 

Silver white 

SilvB^white 


Dist 

Uneven 

0 

. . 




HNO 3 



l|_ 




42 

3.5-4 

7.1-6.5 

1.5-2 

Sol in 

Grn, ylw, brwn. 

Wht to ylwsh 


Trices 

Subconch to 

H 





HNOa 

various shados 


IH 


unovon 


43 

3.5-4 

7.02 

1.5 

Sol 

Smoky to yellow- 

Yellow 

RtoA 

Port 


0 






hrown 






44 

3.5 

16.11-13.48 


Ins 

Silver white 

Same 


Doubt- 

Brittle 

I 









ful 



45 

3.5 

7.5-7.0 

1 

Sol in 

Ylw, brwn, orange. 

White 


Import 

Unovon 

H 





HNO 3 

white 


mi 




46 

3.5 

7.37-7.33 



Pale ylw to (push 





T 

47 

3.5 

7.1 

2 

Sol in 

Wht to brash ylw 


R* 



0 





HNO 3 






48 

3.5 

7.29 

Eaiy 

Sol 

Yellow 


E 

Scaly 



aQ 

3.5 

7.98 

Sol 

Yellow to orange 



Good 


H 


3.5 

7.5 

Eltsy 


Ylw to hrwn.sh 





T 

51 

3.5 

13.71-13.48 

Pt 

Sol in 

Silver-white 


Bright 

Diab 

Conch 

I 



' 1 

vol 

HNO 3 



M 




52 

3.5 

7.54 

1 

Sol in 

Deep purple 


M 


Irregular 






HNO 3 





53 

3-3.5 

7.01 



Lead-gray 

Black 

M 

Good 

Condi to 

0 









uneven 


54 

3-3.5 

7.51 

1 

Sol in 

Pale bronze 

Grysh to blk 



Conch to 





HNOa 




uneven 


55 

3-3.5 

14.1-13.7 

Part 

Ins 

Silver white 

Same 

M 


Conch to 

1 




vol 





1 

uneven 


56 

3-3,5 

7.9-7.2 

2 

Ins 

Tin-white to steel- 


M 


Uneven 

I 



gray 






57 

2.5^.5 

7.04 

1 

Sol 

Lead-gray to tin- 

Black 

M 

Good 

Flexible 

0 






white 






58 

3 

8.15 



Tin white, yellow 


M 

Port 

Subconch 

1 




tinge 

mm 






3 

7.6 

1 

Sol 

Honey-yellow 



Perf 


T? 

1 

3 

7.29 



MMMMM 

M 

Good 
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'MINESAL IDENTIFICATION TABLES 


GROUP 1 

Specific GnTlty 23.00-7.00° 


1 

INDEX 

Of. BEP. 

NAME 

COMPOSITION 

RFItURgS 



SAFFLOlUTE 

(Co,Fe)Aa 2 

Brittle. In C.T., gives a sublimate of metallic arsenic. 

m 


COOPERITE 

PtS 

Minute cry.«4l;Al grains. 

33 

2.11 

HORSFORDITE 

CusSh 

Brittle. Iteacte for antimony and copper. 


CURITE 

2Pb0-5U03-4Hi0? 

h.B, it blackens. Treated with ceme lU.'l, it yields Cl gas. 

I 


iSTimo 

PALJiADINlTE 

PdsSb 


2.42d= 

BISMITB 

BioDa 


1 


PLATINUM 

PI 

Malleable and ductile. Usually in grains and scales. Solu- 
ble in aqua regia. 

38 


PUUDIUM 

Pd 

Ductile and malleable. Usually in grains; sometimes in diver- 
gent fillers. 

39 


IRON 

Fe 

Malleable. Strongly magnetic. Very rare. 

40 


ALGODONITE 

Cug^As 

In O.T., givas a sublimate of Asl> 03 . Sol in IINO 3 . 

41 


DYSORASITE 

AftiSb 

Bectile. B.K. on coal a globule of silver and a white coating. 
The IINO;j solution leave.*? a white residue. 

42 

2.05 

PYROMORPHITE 

IPhsCPOilrPbCIi 

Brittle. In C.T., gives a sublimate of PbCh. Colors tho 
flame green. 

43 


NADORITE 

PbO-SbjQa-PbClj 

In C.T., decrepitates and gives a sublimate of PbCls. 

44 


POTARTTE 

mki 

Spurts on heating, losing Ug. HNO 3 sol in brown. Ocours'as 
grains and nuggets. 

45 

2.11$ 

MIMETITE 

3Pb3(As04)2PbCI. 

Brittle. In O.T., gives a sublimate of PbCb. Colors flame 
bluish green. 

46 


RUSSELLITE 

(Bi 2 .W)Os 

Fine grained, cninpact masses. 

47 

2.17 

GBOGIADESITB 

3PbGl2-3PbO°As203 

B.B. on coal, a yellow sublimate. In C.T., decrepitates. 

48 


BOKSPUTITE 

6Pb0BiAj'3C02 

Occurs as fine-grained, crystalline masses. 

49 

2.19 

KLEINITE 

Hg,NH 4 .Cl,S 04 ete. 

Reacts for mercury. 

50 


CHITXAGTTE 

3PbW04PbMo04 


51 


MOSGHELLANDS- 

BERGITE 

AgzHga 

Brittle. On coal, Ilg volatilizes leaving a globule of Ag. 

52 


RICKARDITE 

CU 4 T 03 

BrittlG. On heating, the Te volatilizes leaving a globule of Cu. 

53 


UNDSTROMITE 

PbCuBisSc 

Striated, prismatic crystals. 

54 


EMPRESSITE 

AgjTB 

Brittle. B.B., gives a globule of metallic silver. 

55 


AMALGAM 

HKtAIv 

B.B., tho Hg volatilizes leaving molallic Ag. Amalgam con- 
taining gold is yellowish. Moschellandsborglte is amal- 
gam with definite proportions of Ag and Ng. ' 

56 


DOMEYKITE 

CuaAa 

In O.T., gives a white sublimate of As 203 > Sol in HNO 3 . 

57 


GALENOBISMU- 

TITE 

FbBiaS4 

B.B., gives bismuth and load coatings. 

m 


ALTAITE 

PbTs 

Sacatile. In O.Th gives a white sublimate. 

59 

2.35Li 

LORETTOITE 

ePbOPbCU 

The hot HCi solution deposits white crystals on cooling. 

m 


GOONGARRITE 


Fibrous to platy. 
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MINERAL IDENTIFICATION TABLES 


GROUP 1 

Specific Gravity 23.00-7,00° 



INDEX 

OF REF. 

NAME 

COMPOSmuN 

61 


METKCIHNABAR 

HgS 

(i2 

2.49Li 

CADMIUM OXIDE 

CdO 

63 


PAllKEIUTE 

Nizaa 

64 

2.4 

WULFENITE 

PbMD04 

65 

2.354 

VANADIHITE 

IPbstVOOi-PbCI. 

66 


GOLD 

Au 

07 


PENROSEITE 

(Ni,Cu,Pb)Se 2 

6B 


Silver 

Ag 

69 


PETZITE 

AgsAuTOz 

70 


CLAUSTHAUTE 

PbSe 

71 

2^9 

STOLZITE 

PbW04 

72 


COPPER 

Cu 

73 


CALAYERITE 

AuTe^ 

74 

2.27 

MENDIPITE 

2PbOPba2 

75 

2.32Li 

ECDEMITB 

Pb 4 .\a 207 - 2 PbC ]2 

70 

2.15 

MATLOCKITE 

PbF,Gl 

77 


WETBULLITE 

PbBi2(S,Se)4 

7H 

2.49Li 

EGLESTONITE 

Hg20-2HgCJ 

79 


HAEMATOPHANITE 

Pb(CI,OH)HPbO- 

2Fe20a? 

81) 

2.64 

TERLINGUAITE 

llg20CI 

B1 


HESSITE 

Agje 

82 

2.10 

TRIGONITE 

6Pb0‘2Mn0-3A3203* 

HjO 

83 


LIUIANITE 

Pb3Bi2S6 

81 

2.295 

FINNEMANITE 

OPbO-SAsoOs-PbCls 

85 

1.74 

SAHLINITE 

12PbOAsiOB'2Pb(n2 

80 


PLATYNITE 

PbBi.j(So,S)3 

87 


KRENNERITE 

AuTOa 

1 


TIEMANNITE 

HgSu 

1 


COLORADOITE 

HgTu 

1 


NAUMANNITE 

Ag^ 


REMAUKS 


Brittle. In C.T., wHh soda, gives a sublimate of metallic Hg. 

jTranspurDnt Red to orange in transmitted light 

Brittle. With S.Ph. in O.F., gives a yellowish green glass; 
darker in R.F. 

Brittle. Fused with KHSO4. gives a yellow mass that red- 
dens on cooling, hnally becoming yellow. 

jVery ductile and malleable. B.B., a yellow globule. Insolu- 
ble in ordinary acids. Native gold is never pure. 

jin C.T., gim a sublimate of riHl metallic selenium. 

Ductile and malleable. Soluble in HNO,<i, from which HCI 
gives a while, curdy precipitate, which darkens on exposure 
to sunlight. 

Sactile to brittle. B.B. on coal gives a metallic globule. 

In O.T., gives fumes of selenium and a red sublimate. 

D.B., decrepitates and fuses to a cr>'stalline, lustrous pearl. 

Ductile and maHeable. In HNO:;, gives off red fumes. Na- 
tive Cu often contains enough Fo to make it soluble in HCI. 

Brittle. On heating, leaves a button of gold. Colors the 
riamo groen. 

In C.T., docropitates and benomes more yellow. 

B.B., gives a yellow globule and white sublimate. 

D.B., fuses to metallic lead, giving off acid vapors. 


jin C.T., decrepitates, becomes orange-red, gives dense white 
fumes. 

Transparent in very thin flakes. 

Mercury reactions. Similar to Kgl&stonite. 

SoctilB.' B.B., gives a globule of Ag and reacts lor To. 

Gives reactions for manganese, lead and arsenic. 

B.B., on coal, gives lead and bismuth coatings. 

Oystalline crusts in mwices in hematite. 


Brittle. On heating, leaves e globule of metallic gold. 

Brittle. In C.T., decrepitates, giving a black sublimate. 

iBrittla and friable. B.B., fuses, gives metallic Hg and a sub- 
limate el To. 

iSectile and malleable. B.B. with soda and borax, gives a 
bead of metal. 
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H 

BP. 

m 

? 

7.1 

121 

? 


122 

7 

8.7 

123 

? 

15.47 

124 

7 

lESM 


MINERAL IDENTIFICATION TABLES 
GROUP 1 

Specific Gravity 23.06-7.00 


P 

HCL 

COLOR 

BTRE&R 

LUSTER 

CLEAV- 

Afifi 

FRACTURE 

■ 

Fus 

Sol in 
HNQs 

steel-gray 

Steel-gray 

Brown 

White to ylwsh 
Tin-white 


M 

M 


Granular, 

fibrous 

1 


' / 




Ptvol 

Ins 


M ' 


Tonch 

I? 
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GROUP 1 

Specific Gravity 23.00-7.00 



INDEX 

UF REP. 

NAME 

COMPOSITION 

RBMARKS 

120 


BADENITE 

(Co,Ni,FB)2(Aa,Bi)3 

B.B. on coal, gives fumes and a magnetic globule. 

121 


BllAGGITE 

fPt,Pd,Ni)S 

Rounrlod grains and prisms. 

122 


PALLADINITE 

PdO 

An ochrouB coating found on palladium gold from Brazil. 

123 

’24 


GOLD AMAU^AM 
.SELENOCXlSALn’E 

Au,H«3? 

PbiBiafS^Se),, 

B.B., looses mercury leaving a globule of gold. 
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MINERAL IDENTIFICATION TABLES 


GROUP I 

Specific Gravity 23.00-7.00° 



INDEX. 

OF. REF. 

NAME 

COMPOSinON 

ftEMAHIfS 

31 


SAFFLOKITE 

(Co,Fe)A85 

Brittle. In C.T., gives a sublimate of metallic arsenic. 

32 


CXXlPEIUtE 

PtS 

Minute crystal grains. 

33 


HOItSFOHDITE 

CuiiSb 

Brittle. Reacts for antimony and copper. 

H 


CURITE 

2PbO-5UOji-4H20? 

B.B, it blackens. Treate<I with cone HlMj it yields Cl ga& 

E 


STIBIO- 

PAIXADINITE 

PdaSb 

M 


BISMITE 

BiaOs 


1 


PLATINUM 

PI 

Malloible and ductile. Usually in grains and scales. Solu- 
ble in aqua regia. 

38 


PUUDIUM 

Pd 

Ductile and malleable. Usually in grains; sometimes in diver- 
gent fibers. 

39 


IRON 

Fe 

Malleable. Strongly magnetic. Very rare. 

40 


ALGODONITE 

CueAs 

In O.T., gives a sublimate of As-Ai- Sol in IINO 3 . 

41 


DYSCBASITE 

AgsSb 

Sectile. B.B. on coal a globule of silver and a white coating. 
The lINO;i solution leaves a white residue. 

42 

2.05 

PYROMORPHITE 

3Pbfl(POi)sPbCt2 

Brittle. In C.T., gives a sublimate of PbCh. Colors the 
flame green. 

43 

2.35Li 

NADOlUTE 

PbO-SbA-PbCla 

In C.T., decrepitates and gives a sublimate of PbCl 2 . 

44 


POTxUUTE 

PdaHgj 

Spurts on heating, losing Hg. PlNOs sol in brown. Occurs'es 
grains and nuggets. 

45 

2.t3S 

MIMETITE 

3Pb3(A$04)rPbCla 

Brittle. In O.T., gives 1 sublimate of PbCl 2 . Colors flame 
bluish green. 

46 


RUSSELLITE 

(Bia,W)Q3 

Fine grained, compact masses. 

47 

2.17 

GEOGIADESITE 

3PbCl2-3Pb0-Aa20:i 

B.B. on coal, a yellow sublimate. In C.T., decrepitates. 

48 


BOKSPUTITE 

OPbOBiA'SCOi 

Occurs as fine-grained, crystalline ma&m 

49 

2.19 

KLEINITE 

Hg,NH 4 ,Cl,SOi*ete. 

Reacts for mercury. 

50 


CHILL4GITE 

3PbW04PbMo04 


51 


MOSCHELLANDS- 

BERGITE 

AgsHgs 

Brittle. On coal, Hg volatilizes leaving a globule of Ag. 

52 


RICKARDITE 

Cu4Teg 

Brittle. On heating, the Te volatilizes leaving a globule of Cn. 

53 


LINDSTROMITE 

FbCuBbSs 

Striated, prismatic crystals. 

54 



AgTe 

Brittle. B.B., gives a globule of metallic silver. 

1 


AMALGAM 

hmkf 

B.B., the Hg volatilizes leaving metallic Ag. Amalgam con- 
taining gold Is yellowish. Moschellandsbargito is amal- 
gam with definite proportions of Ag and Hg. 

56 


DOMEYEITE 

CusAs 

In O.T., gives a white sublimate of As^Os- Sol in HNQ 3 . 

57 


GALENOBlSMn- 

TITB 

PbBlaSi 

B3., gives bismuth and lead coatings. 

m 


ALTAITE 

PbTa 

Secatilo. In O.T.. gives a white sublimate. 

59 

235Li 

LQRETTOITE 

ePbO-PbCla 

The hot HCI solution depositB white crystals on cooling. 

JO 


QOONGARRTTE 

Fb4Bi)S; 

Fibrous to platy. 
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MINERAL IDENTIFICATION TABLES 


GROUP 1 

Specific Gravity 23.00-7.00° 



INDEX 

OP REF. 

NAME 

COMFOSmON 

REMARKS 

61 


METACINNABAR 

HgS 

Brittle. In C.T., with soda, gives a sublimate of metallic Hg. 

62 

2.49U 

CADMIUM OXIDE 

CfJO 

Transparent. Red to orange in transmitted light 

63 


PAKKERITE 


64 

2.4 

WULFENITE 

PhMa 04 

Brittle. With S.Ph. in O.F., gives a yellewish green glass; 

1 darker in R.F. 

66 

2.354 

VANADINITE 

3Pba(V04)a-PbCl2 

Brittle. Fused with KHSO 4 , givos a yellow mass that rod- 
dens on cooling, ffnaily becoming yellow. 

66 


GOLD 

Au 

Very ductile and malleable. B.B., a yellow glohule. Insolu- 
ble in ordinary acids. Native gold Is never pure. 

67 


PENROSEITE 

(Ni,Cu,Pb)Se 2 

In C.T., gives a sublimate of red metallic selenium. 

6B 


Sihtr 

«i 

Ductile and malleable. Soluble in HNO 3 , from which HCI 
gives a white, curdy precipitate, which darkens on eiposure 
to sunlight. 

69 


PETZITE 

AgaAuTea 

Sectile to brittle. B.B. on coal gives a metallic globule. 

70 


CLAUSTHALITE 

PbSe 

In O.T., ghes fumn of salenfum and a nd sutllmatn. 

71 

2.269 

STOIOTTE 

PbWO« 

B.B., decrepitatoB and fuses to a crystalline, lustrous pearl* 

72 


COPPER 

Cu 

Ductile and malleable. In HNO 3 , gives elf red fumes. Na- 
tive Cu often contains enough Fe to make it soluble in HCI. 

73 


CALAVERITE 

AuTes 

Brittle. On heating, loaves a button of gold. Colors tha 
name green. 

74 

2.27 

MENDIPITE 

2PbOPbCl2 

In C.T., decrepitates and becomes more yellow. 

75 

2.32Li 

ECDEMTTE 

Pb4A3207'2PbCl2 

B3., gives a yellow globule and white sublimate. 

76 

2.15 

MATLOCKITE 

PbF.Gl 

B.B., fuses to metallic lead, giving off acid vapora. 

77 


WEIBUIJJTE 

PbBic(S.Se)4 

Flexible. Doubtful. 

78 

2.49Li 

EGLESTONITE 

Hg20>2HgCl 

In C^T., decrepitates, becomes orange-red, gives den.se white 
fumes. 

79 


HAEMATOPHANITE 

Pb(CI.0H)2-4Pb0- 

2Fe203? 

Transparent in very thin flakes. 

80 

2.64 

TERLINGUAITE 

HgjOCl 

Mercury reactions. Similar to Eglest.onite. 

81 


HESSITE 

A| 2 Te 

Sectile. B.B., gives a globule of Ag and reacts lor To. 

82 

2.1.0 

TRIGONITE 

6Pb0-2Mn0-3A8203- 

H 2 O 

Gives regions for manganese, lead and arsenic. 

S3 


LILLIANITE 

PbaBi^Su 

D.B., on coal, gives lead and bismuth coatings. 

84 

2.295 

FINNEMANITE 

gPbO-SAsAPbCb 

(>}'staUino crusts in cri>vices in hematite. 

85 

1.74 

SAHLINITE 

12Pb0AB206-2PbCIj 


86 


PLATYNfTE 

PbBi2(Se,S)3 


87 


KRENNERITE 

AuTe2 

Brittle. On heating, leaves a globule of melellie gold. 



TIEMANNITE 

HgSe 

Brittle. In C.T., decrepitates, giving a black sublimatn. 

1 


COLORADOITE 

HgT 6 

Brittle and friable. B.B., fuses, gives metallic Hg and a sub- 
limate of Te. 

E 


NAUMANNITE 

Ag2Se 

Sectile and malleable. B with soda and borax, gives a 
bead of metal. 
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1 

IKDEX 

OF REF. 

NAME 

1 

COItfOBinON 

BKMAHrs 


2.42 

MINIUM 

Pb304 

In C.T., gives off oxygen. 



TUNGSTENITE 

WSa 

Soils the fingers. Earthy or foliated in minute scales. 



EUCAIRITE 

CuAgSe 

B.B. on coal, gives fumes of Se, leaving a bead of metal 

94 


BISMOCLITE 

BiOCI 

In C.T., yields acid water and a white sublimate. 

95 

, 

GALENA 

Pbs 

B.B., emits SO 2 fumes; gives a coat that is yellow near the 
assay and bluish white at a distance. 

96 


AGUILARI.TE 

Ag4SeS 

Sectile. In O.T., heated slowly, yields metallic silver and a 
red sublimate 

97 

2.5 

MONTROYDITE 

H{0 

FieiiblB. Volatilizes completely in C.T., giving metallic 
mercury. 

08 


AIKINITE 

PbC;uBiS 3 

Decomposed by HNQ 3 with separation of sulfur and lead sul^ 
fate. 

99 


BISMUTH 

Bi 

On CnI, vslatilizis, living i cnI thit is nnnin-jiiNow wliln 
hnt and Inman-inHow whan cnid. 

100 

2.B76 

CINNABAR 

H*S 

Sectile. In C.T., gives a black sublimate; on coal entirely 
volatile. 

101 


ARGENTITE 

A{ 2 S 

Sactiia. On anal, intuniessas; yialds SO: and a glahula of 
siivar. 

102 


ACANTHITE 

AgaS 

Sectile. On coal, intumescos; yields SOs and a globule of 
silver. 

n 


WITTITE 

Pbajifi(s^)i4 

Dissolved in HNQs and diluted with water, gives a white pre- 
cipitate. 

104 

2.61Li 

MASSICX)T 

PbO 

Fuses to a yellow glass and reduces to metallic lead. The 
HCl sol precipitat&s PbClj on cooling. 

105 


TIN 

3n 

Ductile and malleable. Found in tbe placers of New South 
Wales. 

106 


JOSEITE 

Bi 3 Te(Se,S) 

In O.T., gives off SOz then white fumes of tellurium oxide. 

107 

2.665 

LITHARGE 

PbO 

Slowly soluble in alkalies. The HCl so] precipitates FbCh 
on cooling. 

108 


ZINC 

Zn 

Rather brittle. Existence in nature rather doubtful. 

109 


GRUENLINGITE 

BijIaSa 

Bismuth reactions. 



WEHRLITE 

Bi,A&T 0 ,S 

On coal, fuses, volatilizes, tinges the RJ*. bluish green, eoata 
the coal white then orange. 

111 


SYLVANITE 

(Au,Ag)T92 

Brittle. On coal, gives a metallic globule and a white subli- 
mate. 

112 


TETRADYMITE 

BIsTa^S 

Volatilizes; coats coal white then orange; tinges R.F. bluish 
green. 

113 


MALDONITE 

AuzBi 

MaUeable. Soluble in aqua regia. On cfoal, a Bi coating and 
Au button. 

114 


TELLURO- 

BISMUTHITE 

Bi 2 Te 3 

Somewhat sectile. In O.T., a white sublimate, of TeOa. 

115 

2.5 

LEAD 

Pb 

Soluble in HNO 3 . Very rare In nature. 

116 


NAGYAGITE 

Pb5Au(Te.5b)4SM 

On cul, gives two coats, one white and veletile and the other 
yellow and less volatile. Soluble in HNO 3 with a residue of 
geld. 

117 


MELONITE 

NiTe 2 

In O.T., melts to colorless drops. On coal, bums and leaves 
a greenish gray residue. 

118 

2.42+ 

SILLENITE 

BiA 

A secondary product associated with Bismutite. 

119 


MERCURY 

Hg 

Completely volatile. Soluble in HNQ 3 
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Specific Gravity 6.99-6.iH) 


1 


name 

C0UFO61T1ON 

RRMABKR 

1 


UUIUTE 

RuSt 

B.B., gives sulfur fumes, then usually fumes of osmium. 
Insoluble in aqua regia and unattacked by fusion wibh 
KHSOi 

2 

2.00d= 

CASSITERITE 

Sn02 

Brittle. Placed in contact with metallic zinc in HCI, It js 
coated with a layer of metallic tin. 

3 

2^ 

MANGANO- 

TANTALITE 

MiiO(Ta,Cb)A 

Tanbalite rich in manganese. B.B. with soda and niter, gives 
the greenish bluo manganese reaction. 

4 

2.19 

baddj!:i.eyite 

ZrOa 

Brittle. B.B., glows, turns white and is nearly infusible. 

5 

2.25'2.45 

COLUMBITE- 

TANTALITE 

(Fe,Mn)(CI,Ti)jOa 

Brittle. Pirtially decomposed by boiling H2S0« 

6 

2.40Li 

FFiRUO- 

OOLUMBITE 

FeCb20B 

Columbite rich in iron. 

7 


GUDMUNDITE 

FeSbS 

Brittle. 

8 


SKUTTERUDITE 

(Co,Ni)As 2 

Brittle. In C.T., gives a sublimate of metallic arsenic. 

9 


NICKEL 

SKUn’ERUDITE 

(Ni,Co)Aa 5 

Brittle. In C.T., gives a sublimate of metallic arsenic. 

ID 


SMALTITE 

(Co,NI)Asj^ 

In C.T.i gives a sublimate of metallic arsenic. 

11 


CHLOANTHITE 

(Ni,Cl)Ai9-, 

In C.T., gives a sublimate of metallic arsenic. 

12 


ARSENOPYRITE 

FeAsS 

Brittle. In C.T., gives first a red then blech lustrous subli- 
mate. 

13 


MONlMOLll’E 

3(Pb,Fe,Ca)OSbA 

On coal, gives a malleable lead colored bead. 

14 


ISHIKAWAITE 

(U.Fc,Y,iste.) 

(Cb;ra 04 ) 


15 

2.37Li 

BUNSEN ITE 

NiO 

Occurs with native bismuth and cobalt arsenates. 

16 

1.93 

MICROLITE 

(Na.Ca)Ja20G 

(O,0H,F) 

Brittle. With S.Ph., after long healing, gives a pale bhiisb 
green bead. 

17 


COBALTITE 

(Go,Fe)A5S 

Brittle. In O.T., gives SOz fumes and a crystalline sublimaln 
of AssOs. 

16 


ULLMANNITE 

{Ni,Co,Fe)(Sb,As,Bi).S 

Brittle. B.B., on coal, gives a globule of metal; boils and 
emits Sb fumes and coats coal. 

19 


GLAUCODOT 

(Co,Fo)AsS 

Brittle. lu O.T., gives ^SO^ fumes and a sublimate of AsA* 

20 

2.20 

KICNTROLITE 

2Pb0'MiiA'3Si02 

On Coal, gives a Pb coating and with soda a globule of metallic 
lead. 

21 


I’LUMBOFERRITE 

PbFe407 

The HCl solution yields Cl and a residue of PbCl?. 

22 


WOLFACHITE 

Ni(Ai),Sb)S 

In C.T., heated slowly, gives a narrow yellowish red and 
broad yellow zones. 

23 

U13 

FLUOCERITE 

(Ce,La,Y)F 3 

In C.T., yields water that etches the glass. 

24 

1J1I 

SCHEELITE 

CaW 04 

Brittle. B.B., gives e transparent bead which later becomes 
epanni. Blee eeder idtri-vielet light. 

25 


SAFFLORITE 

(Co,Fo)A 82 

Brittle. In C.T., gives a sublimate of metallic arsenic. 

26 


CORYNITE 

Ni(As^b)S 

Like Walfacbite. Between Ullmannite and Gersdorlfite. 

27 


ALLOCLASITE 

Go(A83i)S 

Close to Glaucodot 
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H 

sr. OR. 

F 

HCL 

COLOR 

STREAK 

LUSTER 

CLEAV- 

AGE 

FRACTURE 

1 

"28 

4.3 

6.04 

5-6 

Sol 

Purplish to pi Lob 

Brwnsh blk 

Brilliant 

None 

Flat conch 

T 






black 


M, A 




29 

4.5 

6.1 

2 


Gray, brwn, ylw 

1 

i 

1 

RtoA 

Imperf 

Uneven 

T 







gray 





30 

4.5 

6.49 

3 

Sol in 

Colorless or wht 


A 

Perf 


M 



HNOa 







31 

44.5 

6.9-6.86 

1.5 

Sol 

Gm, wht, gray, ylw 

Gmsh gray to 

V 







cebrleaa 





32 

4-4.5 

6.39 



Orange to dark 

Ylwsh brwn 

W 

None 

Couch 







brown 






33 

4 

6.4 



Hlack 

Black 

V,Sa' 

Perf 


T 

34 

4 

6.4 



Brwnsh black 

Brown 

D, Sm 

Indist 


T 

35 

4 

6.25 

2 

Sol 

Rdsh brwn 

Yellow 

VtoA 

Perf 

iSubconch 

0 

36 

4 

6.4 

1.5 


SulFur-y allow 


A 

Indist 


M 

37 

3.5-4 

7.1 -6.5 

1.5 

Sol in 

Grn, ylw, brwn, 

Wht to ylwsh 

R 

Traces 

Subconch to 

H 





HNOa 

various shades 




uneven 


3B 

3.5-4 

6.14 

3 

Sol 

Various shades of 

Brwnsh red, 

A,Sm, 

Inter- 

Uneven to 

I 






red, blhsh 

shining 

E 

rupted 

conch 


39 

3*4 

6.2-5.B 

1 


Tin-white or reddish 

Gray 

M 

Perf 


H 





Bray 





40 

3-4 

6.1 

1.5 

Sol in 

Siskin to olive green 



Nono 


0 



HNOa 






41 

3-4 

6.046 

Inf 

Sol 

J 

E 

S 

-r 


A 

Perf 


0 

42 

3.5 

8.5-5.B 

Inf 

Sol 

BIk scales, steel to 


M 

Perl 

Uneven to 

M 






iron-gray 




conch 


43 

3.5 

6.2-5.9 

1.5 

Sol in 

Red, brwn, blk 

Orange, brwnsh, 

G , 

None 

Uneven to 

0 





HNOa 


red, ylwsh, gray 



conch 


44 

3.5 

6.13-6.09 

2 

Sol 

Rmerald-greeii 


V 



0? 

45 

3.5 

6.84 

1.5 

Sol 

Colorlc.ss 


P 

Perf 


H 

46 

3.5 

6.34 

Sol 

Gray, tarnifihiDg ylw 

Dull load-gray 

M 

Fair 






tordah 





47 

3-3.5 

6.72^61 

1 

Sol in 

Tin-white 

Gray 

i\I 

Perf 

Uneven 

H 





cone 







48 

3-3.5 

6.57-6.46 

1.5 

Sol in 

Colorless, blue, 

Uncolered 

V,R.A, 

Dist 

Conch 

0 





HNOs 

wht, gray, grn, blk 


P 




49 

25-5 

6.4^.9 



Ylw, orange, rd.sh. 

Ylw, brwnsh, 

G,W, 


Conch to 





brown to blk 

olive grn 

V.D 


uneven 


50 

3-3.5 

6.24 

1 

Sol in 

(^olorloas 


A^ 

Dist 


0 


HNOa 






51 

2.5-3.5 

6.98-6.25 

1.5 

Ins 

Bluish gray 

Gray, shining 

M 

Dist 

Sectile 

0 

52 

3 

6.72-6.11 

2.5 

Dcp(l 

Gray, white 


P 

Dist 

Uneven 

H 

53 

3 

6.0 



Rlijo-black 

Black 

M 




54 

3 

6.43-6.33 

1 

Dcpl by 

Lead-gray 

Black 

M 

Perf 

Conch 

M 












55 

3 

6.17-6.13 

1 

Sol in 

Black 

Black 

M 

None 

Conch to 

M 





HNOa 





irregular 
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a 

sr. Gu. 

F 

Ha 

1 

coLoa 

STKHAK 

LUSTEiR 

cleav- 

age: 

FBACTURfi 

SYS- 

TEM 

56 

3 

6.19 



Pale apple^reen 


V,D 




57 

2.TS-3 

7.1-6.66 

1.5 

Dcpd 

Red, brwnsh, ylw, 
straw 

WMoriilwth 

R 


Uneven to 
conch 

H 

SB 

2.75-3 

7.D-6.7 

2 

Dcp5 

Orange, ylw grn, 
gray, brwn, rad 

White 

RtoA 

Vary 

smooth 

Subconch 

T 

59 

2.75-3 

E.39-5.3 

1.5 

Sol in 
HNO 3 

Colorlass, wht, 
tinged 

Uncolorad 

A,R.V 

Dist 

Conch 

0 

60 

2.75-3 

6.3-6.0 

Fus 

Sol in 
HNO 3 

Wht, gray, ylw 

White 

A 

Dist 

SnIIIi 

T 

61 

2.5^ 

7.1-6.7 

Easy 

Sol in 
HNO .3 

Uad-gray 

Black 

M ' 

Perf 

Brittle 

I 

62 

2.5^ 

6.4 

1.5 

Sol in 
HNO3 

Bluish groon 

Greenish wht 

R 

Perf 

Uneven 

0 

63 

2.M 

G.78^6.55 

1 

Pt sol 

Lead to steel-gray 

Black 

M 


Uneven 

0 

64 

2.6^ 

6.334 

1 

Sol 

Ullcah lead to steel- 
gray 

Black 


Pris- 

matic 

Granular, 

hbrous 

.... 

65 

2.5-3 

6.3-6.2 

1.5 

Sol in 
HNQ» 

Dark steel-gray 

Same 

M 

None 

Subconch to 
conch 

0 

66 

2.5^ 

6.1-5.8 

2 ? 

Sol in 

Gm to brwnsh blk 

Grnsh, brwnsh 

A to R 


Uneven 

M 

67 2.M 

li .04 

1 

Sol in 
HNOa 

Steel-gray 


M 

None 

Uneven to 
subconch 

0 

68 

2.5-3 

6.1-S.9 

1.5 


Hyacinth-red 

Orange-ylw 

AtoV 

Rather 

dist 

Conch to 
uneven 

M 

69 

2.5-3 

6.4-5.96 

1 

Sol 

1 

Bluish lead-gray 

Brwnsh gray, 
brwn 

M 

Good 

Flexible 

M 

70 

71 

2.5^ 

2.5^ 

7.14-6.89 

6.9 

1.5 

1 

Sol in 
HNQ, 
In.s 

Bright ylw to greon 

Lead-gray 


VtoG 

M 

Nearly 

perf 

Brittle 

T 

72 

73 

2^ 

2-3 

6.36 

6.92 

Inf 

1-1.5 


Oange-yellow, brick- 
red 

Lead-gray 

Yellow 

G 

M 

Perf 

Good 

Foliated 

oV' 

74 

2.3 

7.14-6.97 



Steel-gray 

Same, darkiv 

M 

Good 

Brittle 


75 

2.3 

6.96 



Lead-gray 

Black 

M 

Good 


0 

76 

2-3 

6 . 2 - 6 .O; 

1 

Dcpd by 
HNO, 

Blk, in splinters 
cherry-rad 

Black 

M 

Impeif 

Uneven 

M 

77 

2-3 

6.0-5.8 

1 

Sol in 
NH 4 OH 

Yellow-green 


RtoA 

None 

Unevon 

1 

78 

2.5 

6.974 

1 

Sol in 
UNO.. 

Blksh gray, 
iron-tdack 

Black 

M 

Cubic 

Uneven 

I 

79 

2.5 

6.3-6.1 

2 


Black with bluish 
tinge 

Grysh black 

M 

None 

Unevon to 
subconch 

I 

80 

2.5 

6.39-6.09 

'1-1.5 

Ptsol 

I^ead-gray’ 

Black 

M 

Indlst 

Unevon 


81 

2.5 

6.46^.! 

1 

Slowly 

sol 

Steel-gray, tarnish 
bra.ss or iridescent 

Black 

M 

Dist 

Uneven 

0 

82 

2.5 

6.5-6.3 

1 

Sol 

Lnad to bluish gray 

Same 

M 

Dist 

Uneven 

0 

83 

2.5 

6.9 

1 

Sol in 
UNO;, 

Iron-blk to gray 

Light gray 

M 

Nona 

Uneven 

0 

S4 

2.5 

6.15-5.82 

1 


Gray to tslack 

Black 

M 

Perf 


M 
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INUEX 

OF RBF. 

NAME 

COMFOBmOK 

WIP.MiRKa 

15 

2.06 

DUFTITE 

2 FbO- 2 CuOAsi 05 - 

HiO 

Oiiveuite group with Pb replacing about ^ the Cu. 

57 

2.354 

VANADINITE 

3Pba(V04)2PbCl3 

Brittle. Fused wHb KHSO,i, gives e yellow tniss which 
reddens on cooling, finilly becoming yellqw. 

56 

2.40Li 

WULFENITE 

PbMoOa 

Brittle. S.Ph. in O.F., gives a yellowish brown bead which 
is dark green in R.F. 

59 

1.662 

ANGLESITE 

PbSOd 

Brittle. With sodium carbonate gives metallic lead. 

60 

2.114 

PHOSGENITE 

PbCOa-PbCI, 

Melts to a globule which on cooling, becomes while end 
crystalline. Dissolves with effervescence in HNO 3 . 

61 


PENIIOSEITE 

(Ni,Ou,Pb)Se 2 

In G.T., gives a sublimate of red, metallic selenium. 

62 

1.866 

GALEDONITE 

(Pb,Cu)i!(0H)2S04 

Dissolved in HNQ 3 , leaves a residue of Pb 804 . 

63 


tXlSALITE 

Pb^RizSs 

Soluble io IINO 3 with scpuration of Pb 804 . 

64 


KOBELLITE 

Pb 2 (Bi, 86)285 

On charcoal, gives a yellow coat near the assay and a white 
one beyond. 

65 


STROMEYERITE 

CuAgS 

In C.T., fuses but gives no sublimate. 

66 

2.22 

VAIJQUELINITE 

2(rb,Cu)CrOi- 

(Cu,Pb)BP 208 

Buses to a gray submetallic globule also small globules of metal. 

67 


DIAPHORITE 

PbjAgiiSbaSs 

Brittle. In O.T., gives SOj and a sublimate of Sb and Pb 
oxides. 

66 

2.37Li 

CROCQITE 

PbCrOa 

Sectile. With S.Ph., gives an emerald-green bead In both 
flames. 

69 


BOULANGERITE 

PbbSb4Sii 

Brittle. On charcoal, almost entirely volatile; gives a dark 
yellow sublimate near the assay with while edges. 

70 

2.32Li 

ECDEMITE 

Pb4AS207-2PbCl2 

B.B., gives a yellow globule and white sublimate. 

71 


CROOKESITE 

(Cu,Tl,Ag)aSo 

Fuses to a greenish black enamel. Soluble in HNO 3 . 

72 

1.985 

URANO- 

SPHAERTTE 

BiA^UOa-SHaO 

B.B., decrepitates and falls to pieces to a mass of crystalline 
needles. 

73 


CHIVIATITE 

PbaBisBis 

On charcoal, gives a coat that is yellow near the assay and 
white far away. 

74 


WEinULLITE 

PbBi2(Se,S)4 

Flexible. Doubtful 

75 


GUDITE 

PbCuBisSi, 


76 

2.74± 

POLYBASITE 

(Ag,ClJ)i65b2Su 

In O.T.. ruses,~giving sulturous and antimonial fumes. 

77 

2.2S3 

BROMYRITE 

AgBr 

On charcoal, omits pungent Br odors and yields a globule of 
silver. 

78 


POLYARGYRITE 

Ag24Sb2SlB 

Malleable and ductile. Fuses to a l)lack globule, giving Sb 
fumes and a brittle globule of Ag and Sb. 

79 


CANFIELDITE 

AgaSnSo 

Brittle. On charcoal, gives a white or graylhh sublimate near 
the assay, tinged yellow on the edges. 

80 


REZBANYITE 

PbaCuaBiioSia 

Reacts for bismuth, copper and load. 

81 


KLOPROTH.ITE 

CU5Bi4Sy 

Brittle. On charcoal with sodium carbonate, yields a dark 
yoUow sublimate and silver-white bead of metal. 

62 


geocroniVe 

Pb 5 (Sb,As) 2 Ss 

Almost entirely volatile in O.F.; yields a dirk yellow sublimite 
nnr the assay with white edges. 

83 


MATILDITE 

1 1 

Brittle. On charcoal, a globule of metal and bismuth coating. 

_B4 


SEMSEYITE 

PbgSbaSsi 

Brittle. 
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INDEX 

OF REP. 

NAME 

COUFOBinON 

remarks 

85 


BLOCKlTIi 

(Ca,Ni)Se3 

DilTfira from Peoruaeite in containing moro So and leas Pb. 

80 


CXICINEIUTE 

Cu4AgS 

87 


FALKMANITE 

PbeSbjjSfi 


88 

2.00 

LEADHILLITE 

PbS04-2PbC»a- 

Pb(OH)j 

P1>uAA4Si5 

Sectile. Fuses and bums yellow but becomes white on cooling. 

89 


GKATONITE 

Decrepitates violently B.B. 

90 


MENEGHINITE 

Pbl3tSb7B33 

Brittle. Treated with HNO 3 , it decomposes, leaving a residue 
of Sb oxides and PbS 04 . 

91 


AItGYRODITE 

AgsGeS. 

Brittle. In C.T ., a sublimate of S and at high temperatures a 
slight deposit of GeS which fuses to yellow drops. 

92 

1.9S 

DIABOLEITE 

2Pb(OH)rCua2 

93 

2.24 

CflLOROXinilTE 

2PbOPb(OH),Cuaj 


94 

-H 

QUENSELITE 

PbMn 02 (OH) 

Soluble in dilute adds, including acetic, with evolution of Cl. 

95 


OWYHEEITE 

PbaAg»Sb,S,s 

Brittle. Acidular needles or massive with indistinct fibrous 
structure. 

96 

1.91 

DAUBREEITE 


In C.T., gives acid water; becomes grayish and on longer 
beating turns yellow. 

97 

1.99 

LANARKITE 

PbO-PbSOj 


98 


FREIESLEBENITE 

PbgAgsSbiSia 

Rather brittle. On charcoal, jpves a coat that is yellow near 
the assay and white far away. 

99 


TELLURIUM 

Te 

On charcoal, almost completely volatile, tinging the flame 
green, giving a white coating. Hot cone H 2 SO 4 gives a 
carmine-rod color. 

100 

2jeLi 

SOHWARTZEM- 

BEIUUTE 

Pb(I,Cl) 2 PbO 

B.H., gives violet vapors of iodine. 

101 


STEPHANITE 

Ag»SbS4 

Brittls. In O.T., fuses and gives sulfur end ifltlinonif fuBiU' 

102 


EMPLECTITE 

CuBiSs 

Brittle. On charcoal, fuses wdth frothing and spitting coating 
the charcoal with bismuth oxide. 

103 


BISMUTHINITE 

BiiSs 

Sectile. On charcoal, fuses with spirting, giving a coat of 
yellow bismuth oiide. 

104 


ZINC 

Zn' 

Rather brittle. Existence in nature rather doubtful. 

105 


.SCI-IIRMEIUTE 

PbAg4Bi4Sg 

Pb(Ag,Cu)2Bi4S87 

Brittle. Occurs massive and finely granular, 
lu C.T., melts but does not form a sublimate. Soluble in hot 
HCl with the formation of a white precipitate. 

106 


ALASKAITE 

107 


SELENO- 

KOBELLITE 

Pb2(Bi,Sb)2(S,Se)5? 


10B 


BERZELIANITE 

Cu^Sr 

MalleabiB. In C.T., gives a red sublimate of metallic selen- 
ium and 1 white one of selenium oxide. Selubto in HNOa. 

109 

1.973 

CALOMEL 

Hg2Cl2 

Sectile. In C.T., volatilizes without fusion and condenses In 
the Bolder part of the tube* 

110 


TE.ALLITE; 

PbSnSs 

Malleable. In C.T., does not melt but affords a fliihlimaffl of 
sulfur. 

111 

2.i4n 

PARALAURIONITE 

PbClrPbOHjjO 


112 


PARSONSITE 

2Pb0U()3TAH20 

In C.T., yields water. 

113 


BERE80WITE 

BPb0-3Cr0!,‘002 


114 

2.06 

SIMPSONITE 

Al2Tas!08 

Interior of the rough, cream-colored ciystal is colorleea. 
Tabular. 
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MINERAL IDENTIFICATION TABLES 


GROUP 3 

Specific Gravky 3.99-5^00 


OSBORNITE 

MEUNOTEKITE 

BADDELEYITE 


42.09 SCHNEEBERGITE 

5 TODDITE 


e EICIIBERGITE 

7 MAUZELIITE 

B 2.25-2.45 COLUMBITE- 
TANTALITE 

9, PYROLUSITE 

(crystals) 

10 PYRITE 

11 ISHKULITE 


PRIORITE 


27 2.26± ESGHYNITE 


MANGANOSITE 


TiN lleiwrtod in a meteorite from India. 

21 'b 0 ‘Fe 20 »‘ 2 Si 02 Fuses with intumesounce to a black bead. 

ZrO'i Glows brightly when heated, turns white and is nearly in- 

fusible. 

4(Ca,re)0-2Sbi.O4 

Columbite with U Possibly a mixture of columblte and Euxenito. 
replacing some Mu« 

Fe 

(Cu,Fe)(Bi,Sb) 2 Ss 
(Ti,tib) of Pb and Ca 

(Fa, Mn)(Cb,Ta)o0e Brittle. Partially dacomposed by bailing H^SOj 
MnO'i Brittle. Treated with HCI, yields acrid fumes of chJerine. 


12 MAGNETO- 

PLLTMBITE 

13 2.34d= TIET AEROLITE 

14 2.50Li SENAITE 

15 SILESITK 

16 2.36± FRANKLINITE 

172.077± liUlLALVNITE 

19 2.42Na MAGNETITE 

19 2.07i: FERGUSONITE 

20 2.24i: EUXENITE 

21 2.24B POLYCRASE 

22 ARSENOPYRITE 

23 1.83 ATOPITE 

24 2.2d: SAMARSKITE 

25 3.22U HEMATITE 


FeFejOi-FcCrO*- 

MgFe204 

(Pb,Mn^Mn’'‘) 

iFe^MiiMDaOio 

ZnMn204 

(Fe,Mn,Pb)Ti 02 

Sn^iOa 

ZnF 8204 

(U,Zr,Th,(::a) 

(Ta,Cb.Ti )04 

FeFe204 

(Y.Er,Ce,Fe) 

rTa,Cb,Tj )04 

(Y,Ca.Ce,UJh) 

(CbJaJO.Os 

(Y,Ca.Ce,UJh) 

{Tj,Cb.Ta)20r, 

FaAsS 

2Ca0'Sb206 


Brittle. In C.T., gives oil sulfur and haees a magnetic resi" 
due. 

Magnetic. 

: itrongly magnetic. 

Britlk Dissolved in IICl, it yields cldorine. 

Decomposed by boiling II2SO4. 

I^bably a mixture of wood tin and silica. 

With sodium carbonate on charcoal, gives a zinc coating. 

Brittle. Decninposod hy fusion with EHSO4. 

Brittle. Strongly magnetic. In O.T., looses its influanee an 
the magnet. 

Brittle. Decomposed by fusion with KH 5 O 4 . 

Glows on beating. Dacomposed by boiling H2SO4. 

D.B. in forceps, swells up and changes color to a light frayish 
brown. Decomposed by boiling H 2 SO. 1 . 

Brittle. In C.T., gives first a red then black, lustrous subli- 
mate. 

On charcoal in R-F., sublimes in part. May be Romeite. 


(Y,Er,Ce,U,Ca.Fe.Pb, Brittle. B.B., gives a momentary bright light 
Th)(Cb,Ta,Ti,Sn)206 

Fe^Oa Brittle. Sometimes distinct parting or pseudo cleavage. 

On charcoal in R.F., becomes magnetic. 

(Y,Er,Ca,re,Th) Driltlo. Powder partly defj)mposod by boiling HCI or H 9 SO 4 . 
(Ti,Cb),0» 

(C 6 ,Ca,FQ,Th) Brittle. B.B. in forceps, swells up and changes color from 
(Ti,Cb) 20 a black to rusty brown. 

MnO B.B., it blackens. 
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INDEX 

OF HEV. 

name 

COMPOSITION 

REMARKa 

"29 


GEflSDORFFITE 

NiAsS 

Brittle. In O.T., gives SOs fumes ind a crystallifle mbli- 
Riate el AszOa. In C.T., a ifellowish brown sublimila of 
ASzSb. 

30 

1.97 

DJALMAITE 

(U.Ca,Pl>,Bi,Fe) 

(Ta,Cb,Ti,Zr) 30 ft- 

nHjiO 

Transparent in thin splinters with a yellowish brown color, 

31 

2.41S 

STIBIO- 

(XJLUMBITIi 

SbCbOi 

BrittlD. Only slightly attacked by boiling 

32 


DELAFOSSITK 

CuFeOs 

Becomes magnetic on heating. Fiot soluble in llNQs, 

33 

2.15-2.2 

ESCUWEGITE 

lUTi03-5Y!0ii-2TaA’ 

4CbA-7HiO 

Dark rcnl thru thin splinters, 

•M 

1.72 

BUSZITE 

Nd,ErjPiu,IV,el;c, 

SiOz 

Splinters are yellow. 

35 

1.77 

MACHINTOSHITE 

.SiOz of U, Th,Cc,etc, 
iljO 


36 

2.15± 

1 

1 

(Fe,Y,U.tXetc) 

((^b.Ta,Zr,Hn )04 

In C.T., yields water and turns yellow. 

37 

I.TBt 

MONAZITE 

(Ce.La.Di)P 04 

B.B., turns gray when treated with H.>S 04 ; flame Uuish greeii. 

38 


GLAUCODOT 

(Co,ro)A.sS 

Brittle. In O.T., gives SO 2 fumes and a sublimate of As^. 

39 


mRO- 

COLUMBITE 

More colambium than 
yttrotanklifce 


40 

2.3? 

TKEVOUITE 

NiFe 204 

Strongly magnetic. 

41 

2.3 

liJELMlTE 

Y,Fe,U,LSn,Mn,(;a,Gb, 

Ta,ctc 

In C-T., decrepitates and yields water. 

42 

1.915 

IITJEGELITE 

Hydrous vauadate 
of lead and zinc 


43 

1.72 

THORITE 

ThSi 04 

In C.T., usually yields water and changes color. 

44 

1.69 

ORANGITE 

ThSi 04 nH:iO 

Altered thorite. 

45 

1.918 

SCHEELITE 

CaW04 

Brittle. With borax, gives a transparent glass which later 
becomes opaque and crystalline. Blue under uHra-vielet 
light. 

46 


OORONADITE 

MnPbMn60]4 

Botryoidal crusts with fibrous structure. 

47 


NOHIJTE 

(Ca,.Mg,Fe,Y,etc,U )2 

(Cb,Zr,Fe)30ic) 

Brittle. 

4B 

1,7=t 

STIBICONITE 

Sb;,0|,(0H) 

In C.T., gives water but does not fuse. On coal decrepitates. 

40 


CORYNITE 

Ni(AB,Sb)S 

Like walfachito. Between ullmannite and gersdorffitc. May 
be a mixture. 

50 

1.925 

BETAFITE 

(U,Ca)(Cb,Ta,Ti)A 

nHiO 

Brittle. B.B., giyes a black slag. 

51 


BERXnONITE 

FbaCuTiSbiLSia 

Brittle. Treated with HNO 3 , yields sulfur and a precipitate 
of lead sulfate. 

52 

1.91 

KASOLITE 

3Pb03U0a-3Si02- 

4HjO 


53 

n± 

CERVANTITE 

Sb204? 

Reduces easily to metal on charcoal. 
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INDEX' 

OF riEF. 

NAMIS 

COMPOSITION 


54 

1.97 

IIAYLDONITK 

4(Pb,Cu)0-AsiiOa- 

2 H 2 O 

B.B., gives off water and t)econQes black. 

55 


CESAJIOLITE 

PbMnA-HjiO 

'IVcated with HCI it yields cblorine. 

56 

2.3 

BIIANNEUITE 

(U,f;a,Fe,Y,Th) 3 - 

TifiOin 

Altiired miniiral is brownieh yellow. Decomposed by hot eooc 
HaiSO,. 

57 

2.72Lj 

TETRAHEDRITE- 

TENNANTITE 

(Cu.Fein,A|)ir 

(Sb,As).Si 3 

Decomposed by HNO 3 with sepantion of sulfur. 

58 

2.013 

ZINCITE 

ZflO 

Brittle. In C.T., blackens but on cooling returns to its original 
color. 

59 


(MIJNERITE 


insoluble in IINO 3 . Dissolved in HCI, yields chlorine. 

60 

1.948 

IIEGYPIIANE 

9I’b0-9((Xna)0 

(il>!Os-2RbCl5 

61 

1.86± 

BTNDIIETMITE 

aPbO-SbAItO 

On charcoal, reduces to metallic 8b and Pb. 

62 

1.905 

YFATMANITE 

(Mn.2<ii)i.Sb«Si40a 


63 

1.78 

VANDEN- 

BII.4.NDITK 

Cu 0 -II 03 - 2 H 20 

B.B., fusc.<i to a black mass which becomes cr}'st[d]ine on cool- 
ing. 

64 


PENTLANDITE 

(FBiNilaSs 

Brittle. Nonmagnetic. In O.T., gives suHurous fumes. 

65 


f'HALCOSTIBITE 

lms2 

Brittle. In C^T., gives a sublimate that is dark red on coohog. 

66 


ALLEMOHTITE 

AsSb 

B.B. on charcoal, fuses to a globule, takes Rre and gives 1 
white coating of arsenic and antimony oxides. 

67 


TENORITE 

CuO 

Brittle. Reduces to metallic copper. 

68 

2.fK)± 

WALPlJBGITE 

5BiA-3U03-2As205- 

121120 


69 


mmc 

As 

Brittle. B.B., volatilizes without fusing coating the oharooal 
white. 

70 

2.27 

DESCLOIZITI2 

(Pb.ZnJaOH’VO., 

S.Ph bead is chronie-grecn in R.F.; orange-yellow in O.F. 

71 

2.36 

PYROBELONITE 

4fMn,Pb)0‘VA- 

n-o 


72 

2.72 

VKBAJTE 

TI(As,Sb)3S6 

Brittle. Splinters are translucont red. 

73 

2.38 

PIIENI- 

COCIIROITE 

3Pb0-2CrO3 

On charcoal, gives a dark mass which is crystalline when cold. 

74 


MILLERITE 

NiS 

Brittle. On charcoal, fuses to a magnetic glohule. 

75 


ANDORITE 

PbAg»Sb.>S6 

PbfiSbuS'j? 

Brittle. In C.T., decrepitates and melts. 

Dissolved in hot HCI, gives Hs>s and PbCh settles out on 
cioling. 

76 


ZINKENJTE 

77 

2.43Li 

GREENOCKITE 

Cds 

Brittle. In C.T., the mineral rs carmen-red while hot, becom- 
ing yellow on cooling. 

78 


aUMMITE 

lJ034Pb.Th,U.E.,etc. 

11.0 

Brittle. 

79 


GOITEKMANITE 

PlhoAS(tkSi!i 

Brittle. Possibly a mixture. 

SO 

1.91 

GAN'OMAIJTE 

!PbO-2(C!i,Mn)0‘ 

SSiOa 

Fuses to B ck'Hr glass which in R.F., is colored black. 

81 


SELIGMANNITE 

PbCuAaSa 

Brittle. 
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INDEX 

OF REF. 

NAltE 

CUMF081T1UN 

11EMARK3 

12 

2.72± 

DUFRENOYSlTfi 

Pb2As.285 

Brittle. In O.T., i:n odor of SOy; in upper portion a sublimate 
of B and in the. lower portion one of As A- 

B3 


BORNITE 

CUiiFeSi 

Brittle. On Ghnrcoal in R.F., fuses to a brittle magnetic glo- 
bule. 

84 


HATfflTE 

PbisAsiaStt 


85 


SAllTOIUTE 

PbAS2S4 

Brittle. In C.T., gives a sublimate 0 / S and AsaSs. 

86 


STYLOTYPITE 

(Cu,Ag,Fej3SbSa 

On charcoal, a steel-gray, mngnctic globule and fumes of Sb. 

87 


LIVEING.1TE 

PbsAsdSiT 


8S 

1.945 

NASONITE 

5 PbO' 4 CaOPbCl 2 - 

6 f?i 02 

In C.T., gives a sublimate of white lead chloride. 

89 


KLOCKMANNITE 

CuSe 


90 


BAUMHAUERITE 

Pb4Aa(iSis 


91 


ARSENOBISMITE 

26i20]-As20c'2H!0 


92 

1.95 

LmENITE 

Pb 0 Zn 0 ‘Si 02 


93 

2.102 

FUiJDLEKITE 

PbO^PbCloHijO 


94 


UMANGITE 

CuaSoj! 


95 


FRANCKEITE 

PbiiSnsSbsSu 

On charcoal, a yellow coat near the assay and white one far 
away. 

96 

2.22 

VAUQIIELINITE 

2 (Pb,Cu)Cr 04 * 

(Cu,Pb)(PO .,)2 

Fuses to a gray metallic bead and small globule of metal 

97 

2.37U 

CROCOITE 

PbCrOa 

Sectile. S.Ph, gives an emaraJd -green bead in both flames. 

98 


BOURNONITE 

PbCuSbSa 

Brittle. In C.T., decrepitates and gives a dark red sublimate. 
The HNOa solution is blue. 

99 


HETERO 

MOHPHITE 

PbTSbsSjg 

Brittle. Striated and roundiMl, also maasive. 

100 


CHALCOCITE 

CU 2 S 

Rather brittle. On charcoal, boils and spirts. 

101 

bk 

2,35 

VALENTINITE 

Sb203 

In C.T., fuses and partially sublimes. 

102 


BOULANGERITE 

Pb,^Sb 4 Sii 

Brittle. On charcoal, almost entlraly volatile giving a dark 
yellow sublimate with white edges. 

103 


DIGENITE 

Ciia_*S 

Brittle. On charcoal, melts with spurting. 

104 

1 

2.253 

BROMYRITE 

AtBr 

On charcoal, yields pungent bromine odors and gives a globule 
el silver. 

105 

1.82 

BECQUERELITE 

2U0a3H20 

An alteration product, of Uraninite. 

B 


XANTHOCONITE 

Ag^\aS3 

Brittle. In C.T., heated gently, becomes dark red; regains 
color on cooling. 

B 


CYLINDRITE 

PbaSn4Sb:^i4 

Treatod with hot HNO 3 , it yields sulfur and tin and antimony 
oxides. 

B 


JAMESONITE 

Pb4FB5btSi4 

Brlltle. On charcoal, gives a coat that is dark yellow near the 
essay and has white edges. 

B 

3.DB4Li 

PYRARGYRITE 

AtsSbSi) 

Brittle. In C.T., fuses and gives a reddish sublimate. 
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u 

sp. im. 

F 

iia 

COLOR 

STRE.\K 

LUSTER 

CLEAV- 

AGE 

FRACTURE 

SYS 

TBl 

liu 

2.5 

5.598 

1 

Ins 

Hr'ass-yellow, 

Iron-gray 


Perf 








gray-white 





111 

2.5 

5.4 



Light gray 


M 



0? 

112 

2.5 

5.62-5.6 



Iron-black 

niaok 

M 

Porf 

Sectile 

Tr 

113 

2.5 

5.827 

Inf 

Ins 

Golden, ylw-grn 


U,P 

Perf 

0? 

ll-l 

2.5 

5.45-5.3 

15 

Sol in 

Deep .sky-blue 

Pale blue 

V io A 

Perf 

Conch 

M 





HNO:, 







IK'i' 

2.5 

5.51 

1 


Stool-black 

Dark red 



Conch 

M 

116 

2.5 

5.6-5.53 

1 

Dcpd 

BIhsh lead-fray 

Same 

M 

Good 

Conch to 

M 










uneven 


117 

2.5 

5.08 

1 

Sol in 

Indigo-bluo 



Perf 


T 





HNO, 






118 

2.5 

0.15-5.82 

1 


Graj' to black 

Black 

M 

Perf 

Brittle 

M 

119 

2.5 

5.0-4.85 

1 

Ins 

Indigo-hluc 


V 

Perf 


T 

130 

2.5 

5.59 

1.5? 


Oil-brown, etc. 

Orange-yellow 

A 


Subconch 

f 

I2ll 

2.5 

5.5 

2 


liright crimaon, 

Pale yellow 

A 



II 






yellow, orange 





122 

2.5 

5.23 

1 

Ins 

Ijead-gray, bluish. 

Rflsh gray 

.M 

None 

Uneven 

M 






bronzy 






123 

2.5 

5.94 



Colorless 


V, A 

Good 


M 

124 

2.5 

5.3-5.2 

1 

Dcpd by 

Iron-black, 

('herry-red 

M, A 

Imperf 

Subconch to 

Lm 





UNO., 

atoel-gray 




uneven 


125 

2*2.5 

5.64-5.55 

1 

Dcpd by 

Scarlet-vermilion 

Vermilion 

A 

Dist 

Conch to 

H 





HNO:, 





uneven 


126 

2.2-5 

5.0-4.4 

Inf 

Sol 

Iron-blach to dark 

BIk, bluish, 

M 

Perf 

Uneven 

T 






gray, bluish 

submetaliic 





127 

2-2.5 

5.53 

1 

Sol in 

Cochineal-red 

C^herry-red 

M, A 

Perf 

riexibio 

M 





HNOa 







128 

2-2.5 

5.5 

1.5 

Sol 

Colorlftsa or 

White 

R, Sa 

Traces 

Uneven 

1? 






grayi.sh white 






129 

2 

5.92-5.88 

Vol 

Sol 

Honey or straw- 


Sa 

Perf 

Klexibk' 

0 





yellow, white 





130 

2 

5.0-4.06 

1 ■ 

In.s 

Hlackish gray 

Kerl 

M, A 

Perf 

I^'lcxible 

M 

131 

2 

5.04 

1 

Dcpd bv 

Hyacinth-red 

Orange-yellow 

A 

Perf 

Conch 

M 





IINOa 







132 

2 

5.64 

1 


Yellow 

Same, darker 

A 

Dodeca 


I 








hoilral 



133 

2 

5.5-5.3 



Jjead-gray 

Black 

M 

Perf 



134 

2 

5.25-4.67 

1 

Sol in 

Sky-blue 

Sky-blue 




I 





HNQ, 





135 

2 

5.43 



Dark gray 

Gray-black 

M 


Uneven 


136 

2 

5.01-3.8 

Jnf 

Ins 

Black 

Black 

M. 

Good 

Uneven 

I 

137 

M.5 

5.55 

1 

Ins 

Colorless, frnsh, 


ntoA 

None 

Conch 

1 






grysh, white 






138 

M.S 

5.81-5.31 

1 

Ins 

Grnslo ylws, 


RtoA 

None 

Uneven 

1 






colorless 






139 

M.5 

5.7-5.6 

1 

Ins 

Ylwsh, grnsh. 

Yellow 

Rto A 

Perf 


H 






brwnsh 
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INDEX 

OP REF. 

NAME 

m 


MUTHMANNITE 

H 


IJIIRFELDTITE 

M 


ARAMAYOITE 

113 

2.24 

TUNOSTITE 

114 

1.838 . 

UNAIIITE 

115 


SAMSONITE 

116 


PLAGIONITE 

117 

2m 

BOLEITR 

118 


SEMSEYITE 

119 

2.03 

PSEUDOBOLEITE 

120 

2.346 

MARSHITE 

121 

2.16 

BELLITE 

122 


FULOPPITE 

123 

1.91 

SCmiLTENITE 

124 

2.72Li 

MIARGYHITE 

125 

2.979Li 

PROUSTITE 

126 


PYROLUSITE 


127 


3.71Li 


128 2.087 


129 

130 

131 


2.18Li 

3.0 


(massive) 

|LOKAi\l)JTE 


SENARMONTITE 

TELLURITE 

LIVINGSTONITE 

PYROSTILPNITE 

MTERSTTE 


ARSENOLAMPIUTE 

PERCYLITE 


RAMDOHRITE 

DAUBRP^ELITE 


CERARGYRITE 

EMBOLITE 

lODYRITE 


GROUP 3 

Specific Gravity 6.99-6.00 


COMPOSITION 

REMAKES 

(Ag,Au)Te 

Mostly soluble in HNQ 3 . B.B., similar to Sylvanite. 

Pb(AgjGu,FB)MiiSb 2 

Probably a mixture. 

Se 


Ag(Sb.Bi)S 2 

Blood-red in splinters. 

WO 3 H 2 O 

Soluble in alkalies. 

PbOCuOSO,-HjO 

In C.T., yields water and loses its color. 

Ae4MaSb2S6 

Brittle. Splinters are dt^p red to brown. On charcoa] in 
an Ag button and black crust which reacts for Mn. 

PbeStagSiy 

Briltla. Decrepitates. In hot HCI, it yields H^S end PbClz 
settles Dul on cooling. 

9PbCl2-8CuO-3AgCl‘ 

9HsO 

VbMn 


5PbGl2-4Gij0rjIl20 

Soluble in HNO 3 . Probably identical with Boleiie. 

CJuJa 

Kritiie. 

PbOCrA-AsA-, 

B.B., yields a globule ol lead and an arsenic coating. 

etc 


PlvjSbsSiG 

Brittle. B.B., on charcoal, gives a yellow and white subli- 
mato. In O.T.. melts and yields SOs and a sublimate of 
Sb-jS;,. 

PbOAfljOs-HsO 


AgSbSa 

Brittle. In C.T., decrepitates and gives a sublimate of 
antimony oxysulfide. 

A£tAsS2 

Brittle. On charcoal, fuses and emits fumes of S and Sb, 
leaving a button of silver. 

MnOz 

Brittle. Treated with HCI, it yields acrid fumes ot chlorine. 

TIAsSs 

(,'Olors flame green. Volatilizes completely, giving As fume.<i. 

SbnOa 

Brittlo. In C.T,, fuses and partially sublimes. 

TeOg 

In O.F., fuses to brown drops and sublimes. 

IlgSb4S7 

With sodium carbonate in C.Tm yii:1d.s a sublimate of metallic 
Hg. 

AgsSbSs 

In C.T., gives a reddish sublimate of Sb^S,-!. 

4AgICuI 

Soluble in NH 4 OH. 

As 

Massive with fibrous, foliated structure. 

Pb 0 CJuCl 2 *H 20 

In C.T., yields water anri colorleas fumes. . 

PhsAgaSb^Sis 

Brittle, 

O 2 FCS 4 ; 

Brittle. In R.F., looses luster and becomes magnetic. Solu- 
ble in HNO 3 with liberation of sulfur. 

AgCI 

Soluble in NH 4 OH. 

AgCIAgBr 

soluble In NH 4 OH. 

Agl 

Soluble in NH4OH. 
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H 

SP. G&. 

r 

UCL 

COLOR 

STREAK 

LUSTER 

CLEAV- 

AGE 

FRACTURE 

1 

140 

1 

5.8i-5.24 

1 

Ina 

Wht, ylw, gmah 
Colarlass, ylw, ate 

steel-gray 

Black 

White 

A. S, P 

R 

Perf 


0 

141 

1 

5.71 

1 

Ins 

Indist 

Perf 


1 

142 

Soft 

5.85-5.8 


Black 

M 

Flexible 

Tr? 

143 

? 

5.24 

Ea^ 


144 

? 

6.27-5.92 


Ins 

Colorless with 





H 

1^ 

7 

5.484 


Breamy surface 
Yellow-gold 





L- 
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WDEX 

OP REK. 

NAME 

COMPOSITION 

REMARKft 

]40 

2.217 

COTUNNITE 

PbCla 

iSolublo in hot water. 

141 

2.2 

lODOBROMITE 

A|(CI,Br,l) 

On chircoal. gives i globule ol silver and pungent odors of Br. 

142 


LENGENBACHms 

Fbt(Ag,Cii)2As4Si3 

Somowhat ma leable. Leaves a mark on paper. 

143 


KHLOPINITE 

(Y»U.Th)3‘ 

(Cb,Ta,Fe,Ti) 70 aD 

Contains helium. 

144 

2.06 

SIMPSONITE 

Al2Ta208 

Interior of rough, tabular, cream colored crystals is colorless. 

143 


REYRIGITE 

Ca(W,Mol 04 
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GROUP i 

Specific Grdvity 4.99-4.50 


1 

INDEX 

OF REF. 

NASIE 

COBlFOSmON 

WBMARKR 

B 


GAHNITE 

ZnAlt>04 

Britilt. Ghm i culingtlZnO wlik nda and barn latkir-' 
dll. Slawlir silubli la tint HtSO,. 

2 

1.926 

ZIRCON 

Zr$i04 

Sdiiib nriBties chinEi color on heating. 

3 

1.7B± 

GADOLINITE 

2B(0 Fe0-2Yi0i- 
2 Si 02 

B.B., gives a tomporary bright light, swell and cracks upon. 

4 

1.725 

KOWUNDITE 

2Y203*3Si02 

Pale green iu Bplint4)rs. 

5 

2.36IJ 

L\NGBANrrE 

MnaOa ■Si 02 *rD 203 - 

SbA 

With niter and soda, gives a deep green mass. 

6 

222 

POLYMIGNITE 

(Ca,Fe,y,eMr,Th) 

(Cb,Ti,Ta)0 

Reddish brown in thin sections. Fine powder partially de- 
composed by cone 11 -^ 4 . 

7 

2,095 

CALCIO. 

SAMARSKJTE 

(Ca,Y,Bti:,U,Th) 
(CbjTa^F 0 ,Ti,Sn ) sOift 


8 

2.19 

LYNDCKJHITE 

(Cc,La.Di)2Q3- 
(Y,Er )203 CBOH20. 
etc 

NaiiO'FeO'SCaO* 

281)206 

A thorium, calcium Euxenite, low in uranium. 

9 

2.21 

WESLIENITE 


ID 


MARCASITE 

FeS 2 

Briltle. In C.T^ gives a sublimate of suHur end leaves 1 
magnetic residue. 

11 


PYRITE 

F 6 S 2 

Brittle. In C.T^ gives off sulfur and leaves a magnetic resi* 
due. 

12 


BRAUNITE 

(Mn,Si) 20 ) 

Brittle. Treated with HCI, it yields chlorine and leaves e 
gelatinous residue of silica. 

13 

2.43Li 

MAGNESIO- 

FERfilTE 

MgFosOj 

Strongly magnetic. 

14 


BTXBYITE 

(Mii,Fe)A 

Dissolved in HCI, gives acrid chlorine vapors. 

15 

2.24d= 

EUXENTTE 

(Y,Ca,C«,U,Th) 

(Cb,Tai)2(}B 

Glows on heating. Decomposed by boiling H 2 S 04 . 

16 

2^ 

POLYCllASE 

fY,Ca,Ce,U,Th) 

(Ti,Gb,Ta)zQ3 

Decomposed by boiling H 3 SO 4 . B.B., in forceps, swells and 
changes color to light grayish brow^n. 

17 

-H 

JACXIBSITE 

MaFe 204 

Magnetic. Treated with HCI, it yields' a .^mall amount of 
ohlorine. 

18 

2-S4± 

HETAEROLITE 

ZaMnA 

Brittle. Dissolved in HCI, it yields chlorine. 

19 


HOLLANDITE 

MnBaMn60i4 


20 

2J9Li 

PSEUDO- 

WIOOKITE 

FeTiOs 

Partially decomposed by boiling HzS04. 

21 


DEIOIIENZITE 

a^U.Fe)(Ti,Sii,?)80B 

Brittle. Radioactive. 

22 

2.13d: 

YTTKOCRASITE 

(Y.Th,U,Ca)r 

(Ti,Fe,W)40u 

B.B., assumes a dark gray color and cracks open to a slight 
extent. Radio active. 

23 


BRAVOITE 

(Ni,Fe)S2 

Brittle. 

24 

2.481 

IPYROPHANITE 

MnTiOs 

Rod in fine splinters. 

25 


ILMENITE 

FeriOa 

B.B., gives titanium lasts. 

26 


PSILOMELANE 

BaMnMnA6(0H)4 

With HCI, yields pungent odors of chlorine. 

27 

2M 

HYDRO- 

HETAEROLITE 

Zn 2 Mn 40 g'H 20 

Ad alteration product of Hotaerolite. 
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IXDEX 

OF UEF. 

NAME 

coMPoamo.x 


Is 

im 

PRIORJTE 

(Y,Er,C».Fe,Tli) 

(Ti,Cb)iOi 

Brittle. The fine powder is partially decomposed by boilin%< 
H- 2 uS 04 . 


1.81S 

CEUITE 

Hydratod corium 
group silicate 

BH.j not di&solved by soda but gives a dark daggy mass 

30 


SCHETELIGITE 

(C»,Y3>,Mb)2 

(Ti.Ta,Cb)i(0,OII)T 

Insoluble in all acids except HF. 

31 

2.DB 

CHROMITE 

FeCr204 

Brittle. DiNnpoiiil by (eilin wttb KHSO.. Inielibli tn 
acids. 

32 

2J2 

LEWISITE 

aCaO'JTiOraSbzQj 


33 

2.19 

ZIRKELITE 

(Ca,F 0 ,Th,U) 2 - 

(Ti,Zr)A? 

Brittle. Non-mapetic. 

34 

1.95 

CATOPTRITE 

14(Mn,Fo,Ca)0- 

2(AI,re)20|i-2Si0j. 

SbsOs 

MnMn 204 


35 

2.46Li 

HAUSMANNITE 

Brittle. Trealad with HCI, it yields acrid vapors of chlorine. 

36 

1.7BB 

MONAZITE 

(Ct,La,Di)P 04 

B.B., turns gray whan heated with H 2 SO 4 ; Ranra is bluish 
green. 

37 

1.758 

YTTRIALITE 

Y203‘Th02fetC;Si02 

B.B., decrepitates violently and falls to a powder. 

38 

1 . 8 Sd: 

TSOHEFFKINITEJ 

Co,Th,Ti,Si 02 ,otc 

Glows, then intumescea, becomes bro^m and fuses to a black 
glass. 

30 


OARROLLITE 

C 02 CL 1 S 4 

Soluble in HNOs. On charcoal, gives SO 2 fumes and fuses to 
a magnetic globule. 

40 


LINNAEITE 

CoaS4 

On charcoal, gives SO 2 and fuses to a magnelie globule. 
DecompeseBby H 2 SO 4 . 

41 


POLYDYMITE 

Ni3S4 

In CLT., deer epitates, gives a sublimate of S and fuses to a 
dark green maas. Like linnaeite. 

42 


SEIGENITE ■ 

(Co.Ni) 3 S 4 

Decomposed by UNO 3 with separation of S. Like Unnaeite. 

43 


VIOURITE 

Ni2FeS4 

Like linnaeite. 

44 

2.4512 

DERBYLITE 

FeO-Sb A plus 
5Fe0Ti02 

With S.Ph., the bead is yellow while hot and violet when cold. 

45 


LOR.\NSKITE 

(Y.C 6 ,Ca,Zr,?) 

(Ta,Zr ,?)04 

Drittln, Incompletely decomposed by acids and lusimi with 
alkalies. 

46 


THORITE 

Tll5j04 

B.B., looses color on heating but regains il on cooling. 

47 

2.04 

GAMAJARITE 

Ba(Fe,Mn)2V.i0iB 

( 0 H )2 


48 

1.925 

BETAFITE 

(U,Ca)(Cb,Ta,Ti)A- 

[ 1 H 2 O 

Brittle. B.B., gives a black slag. 

49 

1.721 

XENOTIME 

YPO 4 

When moistened with H 2 SO 4 . it colors the flame green. 

50 

L9B 

HATCHEITOLITE 

Pyrochlorc containing 
uranium 

Brittle. 

51 

l.B=fc 

CERVANTITE 

Sb204? 

On charcoal, reduces easily to metal. 

54 

1.654 

PLUMBOGUMMinS 

PbO' 2 AlA'PA' 
9 H 2 O ‘ 

B.B. in forceps, swells and colors the flame azure blue. 

53 

2.3 

BRANNERITE 

(U,Ca,Fe,Y.Th)a- 

TifiOifl 

Decomposed by hot cone H 2 SO 4 . 
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INDEX 

OF REF. 

NAME 

CUMP05111UN 

RIIMATHfa 

'm 


MACKAYITE 

KesiTeOla-xHaO 


55 

1.852 

TOERNEBOHMITE 

(CeI>a,Di,AI)]0)- 

IvSiOi-IiiO 


56 


LESSINGITE 

HaCiiteCo-iBiaOifi 

Occurs as roller! pebbles. 

57 

1.671 

HINSDALITE 

2PbO-3Fo20;r2SO!i- 

PA-OHjO 


58 


OBEHITE 

La,C^,Yt,Er? 

in grain.H. From inDcr Mongolia. 

59 

1.754 

c:aracolit£ 

NaAPblOHlClSOa 

I'usbs to a brown glass, giving a soda flame with a blue spot 
near the assay. 

60 


BEIYINITE 

La,Ce,Yt,P:r 


61 

1.717 

BASTNAESITE 

(Ce,La-Di)EC02 

Treated with strong H»S 04 , it yields CX)z and HF. 

62 


PYRRHOTITE 

F6./Sp 

Magnetic. Brittln. Treitad with HCI, it ylalds HaS. 8 . 8 ^ 
a magnetic globula. 

63 


CMDNERITE 

("uMn204 

Insoluble in HNO 3 . Dissolved in HOI, it yields ohlorine. 

64 

1.9 

UE1J.INGERITE 

3Cu(103)2'2H20 

Brittle. Slightly soluble in hot water. ' 

65 

1J6± 

lirMDHElMITE 

2PK)-Sbjn.-H,0 

On charcoal, reduces to a globule of metallic lead and 
antimony. 

W> 

2.13 

AMPANGABEITE 

(Y,Er.U.Ga.Th) 2 - 

(Cb.Ta,Fe,Ti)70,6 

Radio active. HCI solution is golden yellow. 

67 


TROILITE 

FoS 

Near pyrrhotite. Treated with HCI, it yields HsS. 

6B 


5TANNITE 

Cu2FeSnS4 

Treated with HNO 3 , gives e blue solution and a precipitate el 
S and SnO. 

69 

1.78 

VANDEN- 

BRANDlTE 

Cu0U03-21iA 

B.B., fuses to a black mass which becomes crystalliiiB on 
cooling. 

70 


YEATMANITE 

(MniZn^flSbsSijOss 


71 

2.07 

SALESITE 

Cu103(OH) 

In C.T., enap.^ to aplinters and gives copious fumes of iodine 
which condense on the sides of the tube. 

72 

1.84 

LAUTAlUTE 

CaO'lsOfi 

Sparingly soluble in water. 

73 


GERMANITE 

(Cu,Ge)(S,As) 

Decrepitates on beating. 

74 

2.72Li 

TETRAHEDRITE- 

TENNANTITE 

(Cu,F 8 ,Zn,AK)i 2 

(Sb,As) 4 Si,'{ 

Decomposed by HNO 3 with separation of sullur. 

75 


PENTLANDITE 

(Fe,Ni)i,S 8 

Brittle. No magnetic. In O.T., gives sutturous lumet. 

76 


FAMATINITE 

Cu3(Sb,As)S4 

Brittle. On cbercoal, gives fumes of Sb end a blaclb brillfe. 
melallic globule. 

77 

1.974 

POWELLITE 

CaMo 04 

Yellow pbosphoresceDCe. Molybdenum reactions. 

78 


EPIGENITE 

(Cu,F0)fiAaS6? 

On charcoal, a magnetic slag with copper globules. 

79 


CHALCOSTIBITE 

CuSbSs 

Brittle. In C.T., gives a sublimate that is dark red on cooling. 

80 

1.815 

MOLl^DO- 

PHVLLITE 

(Pb,Mg)Si 04 -H 20 ’ 

B.B., with soda, gives a metallic head. 

81 


GOLUSITE 

Cu3(As,Sn,V;F«,To) 

S 4 

UQsfPbiTh R.E.,etc, 
H 2 O 

In brittle granules. 

>2 


GUMMITB 

Brittle. 

83 

1.68 

SODDYITE 

5UQ3-2Si02-6H20? 

In C.T., blackens and looses water and oxygen. 

64 

LAUTITE 

CuAsS 

Decrepitates violently. In C.T., yields a sublimate of .As. 
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I 

INDJsiX 

OF HRF. 

mams; 

COMPOSITION 


E 

MM 

GREENOCKITE 

CHS 

Brittle. In C.T., the mineral is carraen-red while hit be- 
coming yellow on cooling. 

■ 

|H 

STYLOTYPTTE 

(Cu,AK,FB).vSbS3 

On charcoal, gives a steel-gray, magnetic globule and fumes of 
antimony. 

■ 


HOC^HSClflLDITE 

53nOs'2PbO'FosOj- 

SiOalOHjO 




MAGKENSITE 

Fe,G 3 SiOr 2 H.O 


H 

mn 

PIUUKITE 

UDa-ThO-PbO- 

2Si0r41l20 


KB 


IIAMSDELLITE 

.\i 11 O 3 


91 


ENARGITE 

CU;{|.As.Sb)S4 

Brittle. In C.T., gives e sublimate of sulfur and on slronger 
heating also one of arsenic sulfide. 

92 

1.637 

BARITE 

BaS04 

Wilh soda on charcoal, gives the sulfide test on a silver coin. 

93 

2.03 

PSEUDOBOLEITE 

.5PbClr4Cu0-6H30 

Soluble in lINOii. Probably idontical with bolcite. 

94 

2.041 

(nJMENOEITE 

4I’b('l5.4CiiO'5Hrf» 

•Soluble in JINO 3 . 

95 


U.)liE('KITE 

8CuO‘Co2Qi*2Mii2ftf 
811 jO 

('olloidal. In small spheres. Probably a luUturo. 

96 

1.714 

SCnOEPlTE 

41J03-9IJ,0? 

An alteration prorJuct of urauinite. 

97 


\vittii:hkntte 

CuaBiSa 

JLIL, throws out sparks. Diasolvod in HCI, it yields H^S. 

98 


BEUTHIEiaXE 

I'BSb2S4 

D.B., a weakly magnetic globule. Treated with HCI, yickls 
HaS. 

99 


PYROLUSITE 

(massine) 

MnQs 

Brittle. Treated with HCI, it yields acrid fumes of cblerlire. 

1(HJ 

3.0 

LIVINGSTONITE 


With soda in C.T., yields a sublimate of metallic mercury. 

101 

4.046 

STIBNITE 

Sb,53 

Flexible. Sectile. Treated with K OH, it yields a cherecter- 
istic yellow coating. 

102 


SELENIUM 

Se 

B.B., gives a browm smoke and rotten horsoradUb odor. 

103 

2.05 

PEUCYLITE 

PlK>CuCl2'Ii20 

In C.T., yields water and colorless fumes. 

104 

1.95 

TIYDRO- 

TUNGSTITE 

tl'iWOi-lloO 


105 

1.91 

DAUHREELITE 

CraFeS^ 

Brittle. B.B., in TI.F., looses luster and becomes magnetia 
Soluble in HNO,-; with liberation of sulfur. 

106 

1.45Na 

COVELLITE 

CuS 

B.B., burns with a blue flame and fuses to a globule. In C.T., 
yields sulfur. 

107 

3.176 

IIUTCIIINSONITE 

(ini,Tl) 2 (Cu,Ag) 

AajjSin 

Brittle. Red In .^iplinters. 

lOS 

3.27 

SMITIIITE 

AgAsS'i 

Brittle. Red in splinters. 

109 

2.6Li 

TRECHMANNITE 

AgsAa-S^ 

Brittle. Transparent to translucent. 

no 


FERKI- 

MOLYBDITE 

Fe203-3Mo03-8H20 

An oxidation prcKliict of molybdenite. 

111 


MOLYBDENITE 

M 0 S 2 

Sectile. Feels greasy. In O.T., gives a pale yellow subli- 
mate ol MoOb. Looks like Krapklle. 

112 

2.72 

KERMESITE 

Sbs 820 

Sectile. In C.T., fuses and gives a white sublimate which 
becomes black to dark red on stronger beating. 

113 


ENALITE 

(Th,U)02-nSi02-2Il20 


114 

1.763 

DEWINDTITE 

3Pb0r)U03-2P206- 

J 2 H 2 O 

Radio activo- 

115 

1.774 

CMCJCh 

GADOLINITE 

Gadolinite rich in 
calcium 

Weakly radio active. 
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1 



COMPOSITION 

HRMARgR 

1 

■ 

CORUNDUM 

AI 2 O 3 

SDimllniat piilKt partini giving a ptauAa-claavaga. B.B., 
givas a blua talar wllb caball nRtala. 

5 


SPINEL 

M 1 AI 2 O 4 

BritUa. B.B, Iba talar thangai bil ratirna an caalng. 

3 

1.772 

SWEDENBORGITE 

Na30'2AIA-SbA 


4 

2.05:i= 

PICOTITE 

(Mg,PB)O(A],Cr)!0i) 

A ehramo spinol. 

5 

1.79 

GAHNITE 

ZnAl204 

Brlttla. Gnat a tailing nf ZnO wbnn ImaM with nda ind 
boni nn tbartnaL SInwiy ulubln In tnnc HtSO.. 

6 


OYAMALITE 

A variety of Zircon 
with PjOfi 

In radial aggregates. 

1 

1.926 

ZIRCON 

ZrSI 04 

The tnlomd nrintiis change cniar nn heating. 

8 


HAGATALITE 

ZrSi 04 plus Rare 
Earths 

A variety of zircon. 

9 

1.923 

GALAXITE 

MnAl204 

Spinel group. 

10 

liil 8 

NAEGITE 

SiOrZiO^UOi-ThOr 

(Cb,Ta,T)!Os 

Radio active. A rare earth zircon. 

11 

1.BQ1 

ALMANDITE 

JFlO Ab0.r3Si0: 

Ons of the precious garnets. 

12 

1.696 

BARYLITE 

4Ba0AlA'7Si02 


13 

1.B11 

SPESSARTITE 

BMnOAIsOsaSiOs 

One of the garnet family. 

14 

1.B± 

fiARNET] 

3(Ca,Mg,Fe,Mn)0- 

(AI.Fe,Mn,CrJi) 203 * 

3Si02 

Mast nrielies fuse easily la a black ir Rglit bnwn glass. 

IS 

1.7>± 

GAOOLINITE 

2Be0Fe0-2Y203- 

2Si02 

B.B., gives a mameaUry bright light; swell and cracbs ipen. 

16 

1 . 8 ± 

P.\RTSCHINITE 

3 (Mn,Fe)OAl 20 n- 

SSiOa 

May be spessartitc. 

17 

1.81 

HANCOCKITE 

4(Pb,Ca,Sr)0- 

3(Al,Fe,Mn)203- 

OSiOa-HaO 

With soda on charcoal, gives a lead oxide coating. 

18 

1.838 

KNEBELITE 

2 (Fe,Mn) 0 -Si 02 


19 

1.B77 

FAYALITE 

FoOSiOz 

Fuses to a black globule. 

20 

1.738 

TIIALENITE 

2Y20r4Si02-H20 


21 

1^36 

MANGAN- 

FAYALITE 

2 (Mn,FB) 0 -Si 02 


22 

2.095 

CALCIO- 

SAMARSKITE 

(Ca,Y,Gtc,U,Th)s- 

(Cb,Ta,Fc,Ti,SD)B 

Ol5 


23 

1.76 

CAPPELENITE 

B,Si 02 ofY,Ba,Ce, 

La,Tb,etc 

B.B., swells and fuses to a white enamel 

24: 

2.6 

RUTILE 

m 

Brittle. With S.Ph. in R.F., gives a violet Golored bead. 

25: 

2.3gii 

PSEUDOBROOKITE ] 

MiOs 

Partially decomposed by boiling 112804 . 

J 6 ; 

1.75 

ABUKmiALITE 1 

:ia,Y 2 (Si,P )208 

Lsomorphous with britholite with Y in place of Ce. 


Ml 
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INDEX, 
OF REF. 

NAME 

coMrosmoN 

REMARKS 



PIGROILMENITE 

(Mg,Fe)Ti03 

Botwoen geikielite and ilmenite. 


1.727 

PICROTEPHROITE 

2(MD,Mg)0-6i0i 

H 


TEPHROITE 

2 MnQSi 02 

Tha slmk darkans ag ixpasura, to brown or kbek. 

30 


PISEKITE 

Cb,Ta,Ti of U, Rare 
Earths, Th and Sn 

31 


NORDEN- 

SKIOELDINE 

Ga0‘SiL0s'B203 

Colors 6 ame green. Strong double refraction. 

32 


STASZICITE 

(Ca,Cu,Zn)&(A504)2‘ 

(011)4 

An alteration product of tennantito. 

33 

1.780 

ROEPPERITE 

2 (re,Mn,Zn) 0 -Si 02 

On charcoal with soda, gives a ZnO coating. 

34 

1.73± 

ALLANITE 

(orthitB) 

4(Ca,Fa)0.3(«l,C(, 

FB,DI)j! 03 ' 6 SiQ 2 ‘ 

H 2 O 

Most varieties gives much water in C.T. 

• # 

35 


ILVAITE 

Ca0*4FB0Fe2O3- 

4Si02H!.0 

B.B., fuses te a black magnetic bead 

36 

2.596 

BROOKITE 

TiO.! 

Brittle. With S.Ph. in R.F., it gives a vielat eolnred bMd. 

37 

2.31 

GEIKIELJTE 

MgTiOs 

'ritaoiiim roaclions. 

38 

1.73± 

MEUNOCERITE 

Cc,Di,La,Y,B,Th,Ta, 

B.B., lighter in color and fm>ells without fusing. 

39 

1.74± 

CARYOCERITE 

Gc,Di,y,La,Th,Zr, 

iSi 02 ,P,B,etc 

B.B., becomes lighter in color and swells. 

40 

1.81 

AIUSENOKLASITE 

5Mn0-A8206«2H20 


41 

2.fi2± 

ARIZONI'rE 

Fe..Ti 30 » 

Brittle. Decumposed by hot HjiSO^. 

42 


MAGNESIO- 

GHROMITE 

MgCrsO* 

Hrittilu. 

43 

1.757± 

TRITOMITE 

X.’e,Oi,La,Y,Th,Zr, 

Ri02,B,F,otc 

With llCl, it ylBlds chlorine. 

44 

1.691 

WILLEMITE 

Zn2Si04 

Glows In uKra violet lighL 

45 

2.34 

PEROVSKITE 

CaTiOs 

Brittle. Decomposed by hot cone H 2 SO 4 . 

46 

1.775 

BRTTliOUTE 

SiOa an 1 p 20 fi of 

Co niotaI.s and Ca 


47 


ITIlLICilTE 

Ca 3 (Ti,Al,Zr}flOa, 

May be a variety of perovskite. 

48 

1.78 

ALLEC.HANYITE 

5MnO<2Bi02 


49 

2.393 

GOETHITE 

HFeOz 

Brittle. Moistened with H 2 SO 4 . some varieties impart a 
bluish green color to the flame » 

50 

2.00 

PYROCHLORE 

Ni,Ca.Cb 206 F 

Brittle. When tested It glows momentarily as though it hid 
taken lira. 

51 


MARIGNACITE 

Variety of pyrochlore 

, 

52 

1.85:1: 

LUDWIGITE 


Heated in air it becomes red. Cuts easily. 

53 


VONSENITE 

3 (Fe,Mg) 0 -B 203 -FoO- 

F 02 O 3 

Brittle. B.B., yields a black, magnetic mass and green boron 
6 ame. 

54 

1.74B± 

BERZELIITE 

3(Ga,Mn.Mg)0* 

2(Ab04) 

Reacts for arsenic and manganese. 

55 

1.673 

DURANGITE 

NaF,AlAs 04 

In C.T., blackens but regains color on cooling. Decomposed 
byH2S04. 
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COLOR SlItEAK 


WM, blue, Krn, brwn White 

Yellow 

Pcaonck to grnsh blue 

Black Brown 

Applo-greon 


Dcpd by Brwnah ylw 


CLEAV- 

LUSTER 


VtoP Pert 


AtoV Porf 


Inf Ins 

Brwn, red, ylw, whl 

Pale brwn, 

RtqV 

Pert 



ylwsh, rdsh 



Inf Sol 

Ylw, wht, sometiRies 

Wht to ylwsh 

GtoP 



rdsh wht 

wht 



2 Sol In 

Ylwsh gray, 

Uncolorcd 

R 


HNO3 

hrwnsh, gmsh 




Inf Sol 

Black, st-ecl-gray 

Black 

D.M 

Hood 

4 Sol 

Hose to flosh-rocl, 

Lt rose-red 

(1 

Dist 


Brwush yellow 

Palo wax-ylw 

Malachite to 
ylwsh green 
Light groen to sky-blue 
lled-orange 


lYlwah white 
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INDEX 

OF REF. 

NAME 

COMPOSITION 

RRMARKa 

5G 

1.M9 

SM1TH50NITE 

ZiCOs 

In C.T., gives off CDs. 

57 

1.812 

BECKELITE 

2(CcXa,Di)iOa- 

3(CaO-.TSiO!) 

S.Ph. bead is. pale y\v •green in the O.F. and does not change 
in the H.F. 

58 

1.81 

COUNETITE 

6Cu0PA-3H20 


50 

2.3 

KNOPJTE 

(Ca.Y.Fe,Co)0-TiOs 

Near perovskite but containing cerium. 

m 

1.702 

ARANDISITE 

SSnO'SSiOrAHaO 

Probably a mixture. Decomposed by 

61 

1.616 

SANBORNITE 

BaO'2SiOi 

With HCl, it svelLs and opens to shreds. 

62 

22i. 

METALOPAKITE 

Si,Ti,Cb,Ta,Th,ete 

Brittle. B.B., turns broi\'ni8h black. 

63 


UIRAMRKITE 

(Y,Co,Ca,ZT,7) 

(Ta.Zr,?)04 

Brittle. Incompletely decomposed by acids and fusion with 
alkalies. 

64 

2.2Na 

LEPIDOCROCITE 

FoO-(OH) 


Go 

1.762 

DIllYDRITE 

2 Ca(OH)rCu 3 (POt). 

In C.T., yields water and turns black. 

60 

1.71)2 

PfJElJDO- 

MALAOHITK 

0U3(P04)2-3Cu(0fl)2 

Tn C.T., yields water and turns black. 

67 


THORITE 

ThSiOi 

B.B., looses color on healing but regains it on cooling. 

68 

1.71 

UR^iNOTHORITE 

ThOz-SiOzUOa-CaO- 

etc 

Cu3(Aa04,)2-2Gu(0H)2 


m 

1.80 

ERINITE 

B.B., on charcoal omits arsenical odors. 

70 

1.92rj 

BETAFITE 

(U,Ca)(Cb,Ta.Ti)j(V 

nil./) 

Brittle. H.H., gives a black slag. 

71 

2.06± 

LIMONITE 

HFeOrnHsO 

Usually in stalactitic, botryoidal or mammilary form. 

72 

1.721 

XENOTIME 

TPO. 

When moistened with H 0 SO 4 . it colors the flame green. 

73 

1.B± 

CERVANTITE 

SI 12 OJ 

On charcoal, reduces easily to metal. 

74 

1.654 

PLUMGOGUMMITE 

PbO- 2 AI 2 Q 3 'PiiOs' 
9II..0 

B.B. in forceps, swells and colors the flame azure-blue. 

75 


STAINERITE 

CoOroH) 

Nonmagnetic. 11 GI solution is gi'iMrn and yields chlorine. 

76 

1.807 

SAIIKINITE 

Mn3(As0.i)2-Mn 

(011)2 

With soda on charcoal, gives a brownisli mass and arsenical 
odors. 

77 

1.81 

CORNWALLITE 

EuaCAiK)^)-* 

2Cu(0I1)2-Hi!0 

On charerjal, gives arsenical fumes and a bead of copper en- 
voloi)od in a brittlo crust. 

78 

1.77B 

CONICHALCITE 

B(Cu,Ca)As20j-3H20 

In forceps, colors the flame green then light blue near the 
assay. 

79 

2.00 

LINDGRENITE 

2 CuMt) 04 Cu( 0 H )2 

In C.T., darkens, decrepitates and forms a bro^vnish subli- 
mate. 

80 

1.676d= 

PARISITB 

2(Ce,La,Di.Th)OF' 

GaO-3CX)a 

In G.T., gives off ('O 2 and becomes lighter 4n color. 

81 

1.764 

CORDYLITE 

Fluo-carbonate of 

Ce metals and Ba 

Moistened with HCl, it colors the flame green. 

82 

1.831 

HIGGINSITE 

2Cu0-2Ga0As20ii- 

w 


83 

1.83 

ROSASn'E 

Cu 0 - 3 Cu 0 Q 3 - 5 ZnC 03 


84 


SODA- 

BMZELTITE 

(Na 2 ,Ca)(Mn,Mg)z. 

(As.V)A2 
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GROUP 5 


Specific Gravity 4.49*4.0I 



INDEX 

OF REF. 

NAME 

COMPOSmON 

ttUHARKS 

85 

1.96 

BEUDANTITE 

P:^5iAa205,S03, 

of Pb and Fe 

Yields water. 

B 6 

2.25L1 

MANGANITE 

MnO(OH) 

IrlMi. Ii e.T., jliMt nttr. Tiulil with HCI, H flfiii 
ehlorini. 

B7 


STANNITE 

CuJeSnS 4 

Treated with HNO 3 , (Ives e blue selution and a deposit ef 5 
and lin eaide. 

88 


GERMANITB 

(Cii,Ge)(S,As) 

Decrepitates on heating. 

89 

1.855 

SPriAERO- 

COBALTITE 

CoCOs 

In C.T., becomes black. 

90 

1.755 

BRICKEllITE 

4ZnO'3CaO-2Aa20t 

Probably identical with austinite. 

91 

2.13 

AMPANGABEITE 

(Y,Er,U,Ca,Th )2 

(Cb,Ta,re,Ti)A9 

Radio active. IlCI solution is dark golden-yellow. 

92 

1.788 

RETZIAN 

Basic A.H 2 O.H of 
anrl Rare Earths 

On Charcual with soda, gives As fumes. 

93 

1.93 

CORKITE 

2Pl)0-3Fe203*PA* 

2 SO.T 6 H 2 O 

In O.T., yields water. 

94 

1,765 

TARBITTTITE 

Zn,l>!0>-Zn(OH)2 

In C.T., decrepitates and gives a small amount of water. 

95 

2.01 

ARMANfilTE 

.^MoOAsA 


96 

1,77 

HOLDENITE 

SMnO-lZnO'AaaOy 

5UsO 


97 


CHALCOPYRITE 

CuFeSs 

Brittle. In C.T., decrepilales and gives a subiimate of sulfur. 

99 

2.34Li 

SPHALERITE 

ZnS 

In O.T., gives SO 2 and generally changes color. 

99 

2.7Li 

ALABANDITE 

MnS 

Brittle. Treated with HCI, it evolves H J. 

100 

1.875 

MALACHITE 

Cu€03'Cu(0H)2 

In C.T., blackens and yields water. 

101 

1.676 

WITHERITE 

BaCOa 

Colors flame yellowish green. 

102 


COLUSITE 

Cu 3 (As,Sn,V,Fe,Te) 

Si 

4Cu0-P20a3H20 

In brittle granules. 

103 

1.84 

TAGILITE 

in C.T., yields water and turns black. 

104 

1.96 

DIXENITE 

SMoO-SiOo-AsAHiO 

Rod in transmitted light. 

105 


GUMMITE 

U0.3.Pb,Th,H.E., etc, 
II 2 O 

Brittle. 

106 

1.744 

AD.AMITE 

4Zn0As203-H20 

In C.T., decrepitates feebly, yield.? a little water and L^mes 
white. 

107 

1.709 

KALKOW3KITE 

FeaTijOfil 

In thin plates with a fibrous structure. 

108 

1.654 

RHABDOPHANITE 

1 

(La,l)i,Y)IO4H20 

Bead test is rose-rod in both flames. 

109 


CUBANITE 

CuFcaSa 

Magnetic. On charcoal, gives SO 2 and fu-ses to a magnetic 
globule. 

no 


SCHAFARZIKITE 

nFoO’PsOfi 


in 


SULVANITE 

CuaVSi 

In C.T., a sublimate of sulfur. 

112 

1.7B 


(Pb,Mii.Ca,MK)3 

(Aa04)2 


113 

1.63T 


BaS04 

With soda en charcoal, gives the suMde test on a silver coin. 

lU 


INIGGLIITE 

PfcTeaT 



217 






MINERAL IDENTIFICATION TABLES 


GROUP 5 

Specific Gravity 4.49-4.00 



218 


a Q 



















MINERAL IDENTIFICATION TABLES 


GROUP 5 

Specific Gravity 4.49-4.00 



1ND£X 

OF RKF. 

NAME 

COMPOSITION 

RCHAUKS 

m 


ENARGITE 

CUa(As,Sb)54 

Brittle. In C.T., gives a sublimate of sulfur and on stranger 
heating also one of arsenic sulfide. 

116 

1.76B 

OLIVENITE 

CU 3 (As 04 ) 3 ‘Cu( 0 H)j 

In C.T., gives water. Colors name green. 

117 


CUPfiOZmCITE 

(CiJ,Zn)CX) 3 -(Cu,Zn) 

( 011)2 

Botryoidal or earthy. Zinc bearing malachite. 

118 

1.826 

MALACON 

Zr 02 ’Si 02 *nH 20 


m 

1.56 

HOCHSCmOITE 

5Sn02-2Pb0-Fej03- 

SiOrlOH^O 


12() 

1.774 

BARTHITE 

SZnOCuOAsjOy ^ 
2 H 2 O 


121 

1.665 

AUERLITE 

SilicD-phu. 4 phatc of 
Thpfitc 

Becomes broa'n on ignitioni yellow on cooling. 

122 


TiULSITE 

IO(ME.Fe)0-2FeaQj- 
Sn 02 3B20i-2Hi’0 

Yields water in C.T. Eeacts for boron. 

123 

1.87 

C'lJNOCLASITE 

C:u3(AsO.)r3Cu(Oil)! 

In C.T., yields water. Colors the flame green. 

124 


MELNIKOVITE 

FcS2 

Unstable mineral formed l>etween layers of p}TitD. 

Il.B., throw.q out sparks. Treated with HCl, it yields HaS. 

125 


WlTTiriTENlTE 

('uallLSa 

m 

2.72Li 

(;halcopiianite 

(Zn,Mii,Fe]MnA- 

2 U 2 O 

In (-.T., yields water and oxygen, exfoliates and becomes 
golden. 11(3 treatment yields chlorine. 

127 

1.92 

CLAUDETITE 

AS 2 O 3 

Flexible. Bublimes in C.T. condensing above in minute 
octahedrons. 

128 

2.05 

CARMINITE 

Pb 2 (AsOi) 2 ' 

lUKaAA 

On charcoal, a steel-gray globule giving arsenical odors. 

129 


PYROLUSITE 

(massiye) 

MnO. 

Briltls. Treated with HCl, It yields chlorine. 

130 

3.0 

LIVlNraTONITR 

HrSImSt 

With soda in C.T., yields a sublimate of metallic mercury. 

131 

1.91 

DAUBIIEELITE 

CrJ'uSi 

Urittle. in It.F., looses lu.< 3 ter and becomes, magnetic. 

Soluble in .HNQs with liUjration of sulfur. 

132 


STlillNBERGITE 

AgFeA 

AfiFcwS, 

On charcoal, gives off SO 2 and fuses to a magnetit? globule. 
Very close to sternbergitR. 

133 


KRH'JSEITE 

134 

1.9U 

CARNOTITE 

K:0 2 U 03 Viol- 
et H:iO 

Uranium and vanadium tests. Radio active. 

135 

1.9± 

TYUYAMUNITE 

CaO-2UQj-VA-8± 

ILO 


130 

1.85 

HEAV'EKITE 

FcACuOPbO- 

2SQ3'4Hs(0 


137 

l.(Ui9 

ZINKOKITE 

ZnSO. 


138 


MAITLANDITE 

2(Pb,Ca10'3ThOj- 

4Ua3-8Si02-23Hs0 


130 

2.1Gd: 

PYRRHITE 

Near Pyrochlore 

From A .ores and LachiT l^rx. 

140 


BRANDAOSITE 

■1{Fe,Mn)0' 

(Al,Fc)A"ia02 


141 

1.709 

LEGRANDITE 

2gZnO'9AsA2-'>H20 


142 


NICOUYITE 

2(J‘b,Ca)0 mOr 
4Uai'8Si0r21ll20 

J'ossibly an alteration product of mackintoshite. 

143 


CARDYLITE 

Bab a’('0203*CO2 


144 

1.769 

CALCIUM 

lAUSENITE 

(Pb,Ca)OZnOSi 02 

CryaoUte group. 

145 

1.736 

RENARDITE 

PbO^UOa-PA'SHjO 
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1 

a 

ap. GB. 

P 

HCL 

COLOR 

STREAK 

LUSTER 

CLEAV- 

AGE 

FRACTUBE 

SYS- 

TEM 

[P; 


4.12 



Colorless 


Sa 

Good 


0 

ff/f 


4.00^.97 



Black 






E 


4.1 



Brown 





0 
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1 

INDEX 

OP EEP. 

NAUE 

UOUPOSITION 

HEIrfAftlfR 






Rn 



mH20 

Rutile plus water. Occurs a pebbles and compaet masses. 

fM 



2')Fe0-2Fej0.vl3Si0, 

A variety of fayalito. 


221 









MINERAL IDENTIFICATION TABLES 
GROUP 6 

Specific Gravity 3.99*3.66 
















.§[llkpite nIptunite arfvedsonite 

SANBORN ITE NATROLlTE QUARTZ 


PLATE 24 


Copuright hu 0. iK 1046 





MINERAL IDENTIFICATION TABLES 


GROWjt 

Specific Gravity 3.99^3,66 


1 

m 

NAME 

COMPOSITION 

RieMARgB 

1 

1.741 

6HRYS0BERYL 

BSAI 2 O 4 

Brlltli. B.B., wNh cobill ioliition, glv 6 s a blot cobVe Oa- 
campoifd by luslan wttb KHSO 4 . 

2 

1.72=b 

SPINEL 

MKAI 2 O 4 

BrRHi. B.B. tht tiler thaipi kiR nturu ii mllit 

3 

1.8± 

HERCYNITE 

FeAIA 

Tho heated powder becomes brick-red. 

4 

1.77± 

PLEONASTE 

(Mc.F6)0-Al2Q3 

Iron, maginnsiuin ipinel. 

5 

1.74' 

LUSAKITE 

4(Fe,Co^i,MK)0' 

9(F8,A1)A-88<02- 

UiO 

Cobalt bearing staurolite. Not aifected by HF. 

6 

1.741 

STAUROLITE 

HFeAl5Si20i3 

Slightly soluble in H 2 S 04 . Reacts for Fe end lomotlmes for 
Mn. 

7 

1.9B 

SCHORLOMITE 

3Gl0(Ft,TI)!0r 

3<Si.Ti]t>Oi 

Tht HCI telulioR kiilid wNk nililllt lit, bitimi iliM. 

B 

1.8D1 

ALMANDITE 

SFbO'AEOs'SSiOs 

One of the precious garnets. 

g 

1.94 

MELANITE 

3CaO(Fe,Ti)A- 

3(ai,Ti)0! 

Ono of the common garnets. 

Ul 

1.76 

RHODOLITE 

3(Fe,Mg)0-AlA- 

3SiO: 

One of the garnet family. 

11 

l.B± 

GARNET 

3(Cl.Fl,Mn,M|)0- 

(W,Fe,Cr,TI),0s- 

3Sj0i 

Most varioties fuse easily to a black or light brown gins. 

12 

1.742 

PYROPE 

SMgOAIsOs-aSiO: 

A precious garneL 

13 

1.735 

GROSSULARJTE 

SCiOMsOa-ISiO. 

A precious gamut 

14 

1.865 

ANORADITE 

ICaO-FeiOj-SSiOi 

A common garnol 

15 

1.838 

KNEllEUTE 

2(Mii,Fe)0'Si0j 

Fe and Mn reactions. 

16 

1.792 

HORTONOLITE 

(re.Mg)jSi 04 

Fo and Mn reactions. 

17 

1.935 

KEILHAUITE 

ISCaOUTiOr 

(AI,Fe.Y)!Os’ 

16Si0s(Si.Ti)0! 

With Si^h., the bead has Fe colors and an SiOs skeleton. In 
K.F., the bead is violet 

18 

1.853 

HOEGIJOMITE 

Mg(Al,Fo,T04O7 

Brittle. Transparent in thin splinters. 

19 

1.72 

CYAKITE 

AlaOjSiOj 

With cobalt solution, gives a blue color on ignitioii. 

20 

2.05 

PINAKIOLITE 

2 Mg 0 -Mn 0 -Mii 203 ' 

HA 

With KHSO 4 and CaF 2 i it colors the flame intensely green. 

21 


STIEPELMANNITE 

yp 04 AlP 04 - 2 AI 

(OH)j 

One of the ampbibole group. 

22 

1.675 

moN 

ANTHOPHYLUTE 

7(Fo,Mg)0-8aOr 

23 

1.752 

80BHAL1TE 

(Mii^o,Mg,Ca)C)- 

SiOz 


24 

1.7G7 

JOAQUINITE 

SNajO-OBaO-STiOr 

ItSiOz 


25 

2.01 

IVAARITE 

Near Sehorlomita 

T1 teste. 

26 

1.724 

RHODONITE 

MnSIO, 

Minginosa reactions. 
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GROUP 6 

Specific Gravity 3.99-3.66 


1 

Ml 


tX)MPOSmON 

RlUMAllKS 

27 

1.72d= 


4(Ca.Fe)0< 

3(AI,CB,Fe,Di)203> 

(SiOzHoO 

Most varieties give much water in the C.T. 

28 

1.75 

PYROXMANGITE 

(Mii,rc)0 Si 02 

Mangancsti reactions 

29 

1.771 

LEUCO 

PHOENICITE 

7(Mr,Zn,0i)0- 

3SiOj-HjO 

Preated with yields golatinuus silica. 

30 

1.786 

llOEPmiTE 

2 (Fo,Mn,Zn)OSi&i ( 

Dn charcoal with soda, gives a ZnO coating. 

31 


ILYAITE 

CaO 4Fe0 FeaOa 
Si 02 H 20 

Fuses to a black, magnetic globule. 

32 

2.554 

ANATASE 

Ti02 

Brittle. S.Ph. in R.Fh gives a violet colored bead. Decom- 
posed by fusion with KHSO 4 . 

33 

i.tti 

WILLEMITE 

ZnsSiO^ 

Glows in ultra-violet light. 

34 

2.34 

PEROVSKITE 

CaTiOs 

Brittle. Decomposed by hot cone H 2 SO 4 . S.Ph. in O.F. gives 
a bead that is pale yellow while hot and colorless when cold. 

35 

1.8 

AENIGMATITE 

Titano-Silicate of 
columbium and Iron 

B.B„ fuses to a brownish black glass. 

3(i 

1.774 

TAIUMEIJLITE 

lBaOF(!O-2Fr!.0ii- 

lOSiOa 

Fibrous. In bundles and radiating aggregates. 

37 

1.65 

IIELUNDITE 

3(Al,Fe,Mn,Ce)20;r 

2 Ca 0 - 4 Si 02 - 3 IIs 0 


38 

l.87=t 

CHALCO- 

LAMPIIITE 

Na4(Ca,F)2Cb2Si09 

Brittle. May be pyrnchlore. 

39 

1.76 

NAGATELITE 

4(Ca,Fe.et(;)0- 

3(Al,Fe,etc)A- 

6 Si 02 -P 206 - 2 Hj !0 

Epidobe group, related to allanite. 

40 

1.963 

HYALOTEKITE 

9(Ca,Bu,Pb)0B203' 

12 Si 02 ll 20 

yVith sofla on charcoal, gives a PbO coating and metallic lead. 

41 

2.393 

GOETHITE 

HFeOa 

Brittle. Moistened with H 2 SO 4 , some varieties Impart 1 
bluish green color to the name. 

42 

1.711 

BRANDTITE 

Ca2Mn(AaO4)2'2IIa0 

On charcoal, gives arsenical odors. 

43 

1.673 

DURANGITE 

NaF-AlAs 04 

In C.T., blackens but regains color on cooling. Decomposed 
byH2S04. 

44 


HYDROROMEITE 

2 -^Ca 0 - 2 Sb 20 ii* 

6 - 8 H 2 O 


45 

1.721 

ADELITE 

2Ca0-2MB0AB205- 

With soda on charcoal yields arsenical odors. 

46 


STIBIANITE 

SbaOsTI'jO 

Aji alteration product of stibnite. 

47 

1 . 68 ± 

SVABJTE 

9CaO-3(AsA-PA) 

Ca(F,OH )2 

48 

1.85± 

LUDWIGITE 

Mg3Fe^Fe''’B20jo 

Heated in air it becomes red. Cuts easily. 

49 

1.742 

HODGKINSa 

NITE 

2 Zn 0 Mn 0 ' 2 Si 02 * 

HsO 

In C.T., decrepitates and yields water. 

50 

1.713 

REPOSSITE 

3 (Fe,Mn,Ca) 0 -P 206 

Salmon-pink on fresh fracturo, darkens to brown on expo.surs. 

51 

1.763 

PSEUDO- 

MALACHITE 

CU2(P04)2-3C'fu(0H)2 

In C.T., yields water and turns black. 

52 

1.673db 

TRIPLITE 

(Fe,Mn)FTO 4 with 

Ca and Mg 

Moistened with H 2 SO. 1 , it colors the flame green. 

53 

1.925 

BETAFITE 

(U.Ca)(Cb,Ta,Ti) 304 - 

nHjO 

Brittle. B.B., gives a black slag. 
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1 



CQUPOiSlTION 

BEUABKS 

"M 

2 . 0 I± 

LIMONITE 

HFeOrnHsO 

Usuilly In slilactitic, botryoidal or mammilary lorm. 

55 

].726 

TRIPIDIDITE 

(Mh.FbIs- 

(0H)2(P04)2 

In C.T., gives off water; turns black and becomes magnetic; 

56 


SYNCHISITE 

CeF-CaCiOfl 

Glows brilliantly when ignited. 

57 

1.7 

ANCYLITE 

2 CeA* 3 SK)- 7 C 02 - 

SHiO 

Moistened with llCl, it gives an intense red flame. 

55 

1.709 

ALLACTITE 

7Mn0Aii!0c4H20 

B.D., looses water and becomes black. 

59 

1.801 

FLINRTTE 

MnAs 04 - 2 Mn{ 0 H )2 


60 

2m± 

VOLTZITE 

Z 115 S 4 O 

Treated with HCl, it gives off HaS. 

61 


METAJARLITE 

NaSrsAlsFia 


G2 

1.89± 

ELLSWOHTHITE 

t^a 0 Cb 20 ii* 2 H 20 

Brittle. Contains TJ and Ti oxides also. 

63 

1.671 

BROMLITE 

(Ca,Ba)CO., 

B.B., colors flame yellowish green. 

64 

liB 

CHENEVIXITE 

OU2F0(A.sO4)2-3H2O 

On charcoal, gives As fumes and a black, magnetic scoria with 
cop()er grains. 

65 

1.745 

LIBETHENITE 

CU3(P04)2-Cu(0H)2 

In C.T., yields water and turns black. On charcoal with soda, 
gives metallic copper. 

06 


TRANSVAALITE 

Od,AsO? 


07 


STIBIOFEIIRITE 

SbO,FD,H 20 ,Si,etc 

Brittle. An alteration product of stibnite. 

08 


CALCIOANCYLITE 

5 [(Ce,Y)A- 3 C 02 ] 

7 ((Sr,Ca,Ba) 0 -C 02 l 

IOH 2 O 


09 

1.684 

BARYTOCALCITE 

BaCOa-CaCOB 

Colors flame yellowish green. 

70 


HYDRCK50ETH1TE 

3Fe20?/4Il20 

Probably lepidocrocito. 

71 

2.13 

AMPANGABEITE 

(Y,Er,lJ,Ca,Th) 2 . 

(Cb,Ta,Fe,Ti)70i8 

Radio activ'o. HCl solution Ls dark golden-yellow. 

72 

2.356Na 

WURTZITE 

ZnS 

In O.T., gives SO 3 and generally changes color. 

73 

2.34Li 

SPHALERITE 

ZnS 

In O.T., gives SO 2 and generally changes coler. 

74 

1.771 

BROCHANTITE 

Cu$04-3Cu(0H)2 

In C.T.. yields H 2 O and it higher lemperituros H 2 SO 4 . Be* 
comes black. 

75 

2.71 Li 

ALABANDITE 

MnS 

Brittle. Treated with HCl, it yields H 2 S. 

76 

1.B75 

MALACHITE 

CuC 0 a'Cu( 0 H )2 

In C.T., blackens and yields water. 

77 

1.7B5 

SIDERITE 

FqCOs 

In C.T.. decrepitatns, gives off CO 2 . blackens and hoconos 
magnetic. 

7B 

1.75B 

AZURITE 

2CuC03<Cu(0H)i 

In C.T., blackens end yields water. 

79 

1.667 

STRONTIANITE 

SrCOs 

Swills and throws oul minute sprouts when heated. 

80 


POECHITE 

H] bFosMd sSigOg 


61 

1.745 

MIXITE 

2Cu3(A^4)2'BiAH04' 

4Cu(OH)2-7HaO 

Treated with HCl, the mineral becomes covered with a white 
powder. 

62 


PARTZITE 

SbO,Cu.Ag,etc 

An alteration pnxluct of antimony sulfide ores. 
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H 

SP. GIL 

F 

HCL 

COLOR 

STREAK 

LUSTER 

cleav- 

age: 

FRACTURE 

SYS- 

TEM 

83 

3-4 

3.93 



Colorless, brwnsh 





M 

84 

3-4 

3.7 

1 


Dark golden-ylw 


V 

liDperf 

Conch 

M 

85 

2.5-5 

6.4-3.9 



YIw, orange, rdsh, 

Y1w, brwnsh, 

G, W, 


Conch to 







brwn to blk 

olive gru 

V,D 


uneven 


80 

3.5 

4.01-3.94 

Inf 

Sol 

Brwn, pinkish, 


G 


Uneven 







ylwsh wht 







87 

3.5 

4.04n3.98 

Inf 

Dcpd 

Black to brown 

Red-brown 

Sm 


Conch 

M7 

88 

3.5 

3.(if^.5 

1.5-3 


Yellow-green 

Grn to hrw'nsh 

B 

Good 


M? 






yellow 





89 

3.5 

3.75 


Sol 

Yellowish green 



Good 


H 

9 

3.3-5 

3JT-3.95 

3 

Ins 

White, colorless. 

White 

VtoP 

Dist 

Uneven 

0 






slightly colored 






91 

3.3-5 

3.77-3.75 

3-4 

Sol 

Various shades el 

Apple-green 

AteV 

Perl 

Conch 

0 






green 






92 

3 

3.74 



Bright green 

Green 

V 

(ji)Ot) 


Tt 

93 

3 

3.9 



Light green 


Bril- 

Perf 


0 







liant 




94 

3 

3.96 


Sol 

Oraas-green 



I'erf 


0 

95 

3 

3.72 



Browish red 



Traces 


H 

00 

3 

3.72-3.43 



Bluish to violet 

Dark brown 










black 






97 

2.5-3 

3.99 

Fus ■ 


Colorless to 


V 

Berf 


Tr 






ti’anspai'eiit 






98 

2.5-3 

3.76 

1.5 

Sol 

Blue 


V 



M 

99 

2.5 

4.1-3.9 

6 

Sol 

Bluish to iron- 

Chocoiatn- 

M ^ 

Berf 

Flexible 

H 






bliirk 

brown 





KHf 

2.5 

3.8 

2 

Sol 

Blue, bluish gray 

Bluish wbt 

Good 

Good 

Brittle 

0 

101 

2..5 

3.75 



Deep blai^k 

iSubmelallie 





11)2 

2-3 

3.9-3.81 

Inf 

Gelat 

Yellow 


V 



0 

103 

2-2.5 

3.93 

1.5 

Sol 

(^■olnrlesB, white, 


A 

C!ubic 

(^)nch 

I 






grayish 






104 

2.2-5 

3.B-3.53 

Inf 

Dcpd 

Whiie, gray, ylw 

Shining 

E. D 

Perf 


M? 

105 

2 

5.0-3.8 

Inf 

lll.S 

Black 

Black 

M 

Good 

Uneven 

I 

106 

2 

3.68 

3 

Sol in 

Green, ylw, red 





T 





IlNOs 






107 

1-2 

3.88-3.52 

2-3 

Sul 

Blk, ylwjsh, brwn 

Y^lwah brwn 

S 



0 

108 

1.5 

3.88-3.86 

Vol 

Sol 

Wht tinged ylw 

White, pale 

VtoS 

Fair 

Conch 

I 






or red 

yellow 





109 

Soft 

3.79 

1.5 

Sol 

Ylw, whit^?, grnsh, 


E 









reddish 






no 

Sort 

4,3-3.7 

Easy 


Y'ellow 



Berf 


0 

111 

Soft 

3.97-3.75 


Y'ellow 





T? 
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1N1)£X 

OF R£F. 

.NAME 

COHFOSlllON 

REMAILKS 

83 

1.432 

JAIillTli 

NaSrsAlsFif, 


84 

1.842 

DIETZEJTE 

Ga( 10 :,) 2 - 8 Ca (>04 

Soluble in hot water. 

85 


GUMMITE 

UO.,.l’b,Th.U.E.,i!te, 

nlLO 

Brittle- 

86 

1.G54 

HHABDOPIUNITE 

(La.Di,y)KJ4il20 

Hcarl te^sts are rotte-red in both flamea. 

87 

1.769 

KALKOWSKITE 

EpjTiaOa 

In thin plates with a fibrous structure. 

88 

2.05 . 

CALCTO- 

VOLBORTIirrE 

(.)u,Ca,V20&.Btc 


89 

1.87 

DUSSERTITE 

fiCaO-SFejOj' 

2A8A-9H20 


90 

1.624 

CELESTITE 

SrS04 

Colors the flame red. 

91 

1.st1 

ATACAMITE 

CuClr3Cu(0H). 

On charcoal the O.F. is azure-blue with green edges and the 
coal is coated with brown and gray-white coats. 

02 

1.846 

I»ARATAGAMITE 

(:uCl2-3(’ii(OH)2 


93 

1.73B 

ANTERITE 

3CuO SO;i 2HoO 


94 


KAMEREZITE 

3CuOS0.r8H2O 

In (\T., derrepilAtes and gives off water the H 2 SO 4 . 

95 

1.754 

McGOVERNlTE 

21 (Mn,Mi;,Zn)0- 
3iSiG j- i AsaOs’ As20{,- 
IOII 2 O 


96 


WINKLERITE 


An alteration prod\u:t of erythrite. 

97 

1.773 

MARGAROSANITE 

I’liO 2(Ca,Mo)0' 

3Si02 

Lamellar. Difficultly fusilde in O.F.; fuses at 2 in 11.F. 

98 

1.731 

CHALGOMENITE 

(^ufioOsMliiO 

On charcoal, a black slag; fumc.^ and a deep blue flame. 


2.72U 

CHALGOPHANJTE 

fZn.Mn.iyMnsOs- 

2H.0 

In CT., yields water and oxygen; exfoliates and become-s 
goldcn-brwn. 'rroated with HC'l, it yields chlorine. 

100 

1.782 

TEINEITE 

KKluTeOj-SCuSOv 

2CII20 

IIGI solution is green. HNO 3 solution i.s blue, separates T^ 3 , 
then complete solution. G.T., gives Ha. B..B., a black bead. 

101 


HEUBACHITE 

Ci),Ni,Ke,(01i)’ 

A ;iecondiiry product coating barite. 

102 

1.667 

UfUNOPHANE 

Ca0-2Ua)-2Sj02- 

GHsO 

B.B., turns black and yields water. 

103 

1.93 

NANTOKITE 

CuCIi 

Givas off chlorine when struck with a hammer. Colors the 
flame azurL^-bliie. 

104 

1.736 

HYDROZINCITE 

ZnC0r2Zii(0H). 

In C.T., yields water. 

105 

1.91 

DAUBREELITE 

(Wi 

Brittle. B.B. in R.F., looses luster and becomes magnetic. 
Soluble in IINO 3 with liberation of sulfur. 

106 

1.623 

META- 

TORBERNITE 

CiiOL'Os-l’iiO!,- 

8H2O 

Formed from torlwrnite by hydration. 

107 

1.89S 

ARHENiaSIUERITE 

C'aOAFejOs'SA.'iA- 

9H2O 

Red in splinters. 

108 

1.755 

ARSENOLITK 

AsiO.i 

In (I.T., subliraiw and (xmdenscs in the tul»o above. Slightly 
soluble in hot wat«r. 

109 

2.00± 

MONTANITE 

I)ijOjFc!02HiO 

Earthy incrustatiotw. In C.T., gives water. 

no 

1.9± 

TYUYAMUNITE 

CaO- 2 U 03 Vj 05 - 

8 ±HaO 

Velvety incrustations; small lath-like orystals. 

111 

1.623 

URANOPILITE 

GaO-8U03-2SOa- 

m,o 
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GROUPS 
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■ 

INDEX 

OP HEP. 

NAME 

COMPOfimON 

REMARKS 

U2 

1.74 

TORDORIKITE 

Hydrous oxide of 

Mn, etc 

An alteration product of Inosite. Treated with HCl, it yields 
chlorine. 

113 

\m 

SKIDWDOWSKITE 

MBO-2UOa-2SiOr 

71120 

Radio active. 

114 


PEREDRITE 

Ti02‘H20 

Rutile plus a small amount of water. In pebbles and compact 
mosses. 

115 

1.782 

SHATTUOKITE 

2CuSiOnIl20 

Compact^ Rnmular masses, sphenilitic, fibrous. 

116 

1.718- 

MAGNEijlUM- 

ORTHITE 

71(Mg,Fe,Ca)0-f- 

(Fe,Al,Ce,Cb,La )2 

OaJjdSiOa* 

HoO+F 
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CLEAV- 

LUSTER FRACTURE 

AQE 



Subcoflch to 









rdsh, violet 


13 

7 

3,5 

3 

}na 

(.'ulurless 

White 

14 

5-7.5 

3.67-3.56 

mr 

Ins 

Colorless, bik, 

Uncolored 






blue, wht, trn 


15 

6.5-7 

3.5-3.3 

inr 

Ins 

Pink lo dark red. 







various shades 


16 

6.5-7 

3.37-3.27 

5-6 

Gelat 

Green, brwnsb 

UncBlored 

17 

6.5-7 

3.35-3.33 

2,5 

Ins 

Green, whitish 

Uncolored 

18 

6..5-7 

3.42 

Inf 

Pt .sol 

Bluo 


19 

6-7 

3.62-3.58 

2-2.5 

Ins' 

Yellow, brown 



t>-7 

3..5-3.2r) 

3-4 

1^ sol 

Colorlosis, gm. 

Uiu^olorod, 






red, gray, wht, etc 

grayish 

21 

6-7 

3.47 

5-<j 

,SflI 

Colorless, pink 


22 

6-7 

3.33-3.21 

Ini 

Gelat 

Wht, irnsh, ylwsh. 

Uncolored 






bluish, gray 


23 

6-7 

3.49 



(irajn.sh green 


24 

6-7 

3.57 

5-6 

I*t sol 

Grysh grn, wht 







or rrLsh gray 


25 

6.5 

3.4 

3 

Pt sol 

Black, reddish 

lleddish 

26 

6.5 

3.77-3..52 

4-4.5 

Depd 

Bruush black 

Grj'sh brwn to 







dirty ylw 

27 

6.5 

3.57-3.52 

5-6 


Gray, grwn 

Uncolored, 







grysh, grnsh 


YtoR 

Varies 

Subconeb to 



uneven 

VtoR 

None 

Subconch to 

V 

Dist 

uneven 

Vto \i 

None 

Kubconch to 

VtoP 

Perf 

uneven 

VtDP 

Pert 

Conch 




Subc^onch to 
uneven 


Suboonch to 
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n 2,42 DIAMOND C 

2 1.7411 CHRYSOBERYL BBAI 2 O 4 

31.72± SPINEL MgAl204 

41.62 TOPAZ Al20s-(0H.F)-Si02 

5 1.69 UHODIZITlfi 4(lI,Na,K,CaJ(b)sO' 
4BB0-:UlA'fiB203 
6 1 .707 SAPPHmiNE (Mg,T''e)ia (AI,Fe)34 

SirOjw 

7 DUPARCITE A1 and Ca silicate 

8 1.838 UVAROVITE aCaOCrAvlSiO. 

91.741 STAUROLITE HFeAlr.Si.Oi» 

101.B± GARNET 3(Ca.Fe.Mn,Mg)0- 

(AI,FB.Cr,Tn 20 r 
aSiOj 

11 1.735 GROSSULARITE aCaDAIuOsSSiOs 

12 1.686 DUMQRTIERITE BALOaBitOreSiOr 

H 2 O 

13 1.745 PYUENEITE 3Ca0Al20.r3Si02 

14 1.72 KYANITE Al.SiOo 

15 1.722 DIASPORE HAIQs 

161.61 CHRYSOLITE 2(MB,FB)0Si02 

17 1.659 JADEITE NaAKSiOs)^ 

IS 1.703 SERENDiniTE 2aa0-4.\'W-3iM20:r 

WJOr&h 

19 179 ARDENNITE SMnO-dAlaOs-VA- 

SSiOvoIlaO 

20 1.742 EPIDOTE dCaO-SfAlJelaOs* 

21 1.72 TKIMERITE JiMnO-SiOaUeO- 

SiOa 

22 1.661 FORSTERITE Mgi.Si04 

23 BEFANAMITE ScaSizOy+Zr and Al 

24 1.793 THORTTOTITE (Sc,Y)2()3’2SiOa 

25 1.782 PIED.MONTITE 3 (Al,Mn,Fc) 20 ;i- 

4Ca0'6Si02-IIa0 

26 1.935 KEILHAUITE ISCaO- 1 5TiO-r 

(Si,Ti)Or(Al,Fe,Y )2 
Os-lOSiOz 

(Fe.Mg)0-Alz0a'Si0i 


Brittle. Hardest mineral. 

Brittle. Not attacked by adds. Decomposed by lusioii with 
KH$ 04 . Cobalt solution gives a blua color on heating. 
B.B., the color changes but returns on cooling. 

Reacts for fluorine. With cobalt solution, givos a blue solar. 

Flamii is green, then green below and renl above, then all red. 

B.B., does not dissolve in borax. 

Radiatei), elongated, prysmatic cryKtala 
A chrome garnet. 

Reacts for Fe and sometimes Mn. Slightly soluble In H 25 O 4 . 
Brittle. 

Most varieties fuse easily to a black or light brown slag. 


A precious garnet. 

Usually in Hbrous or columnar aggregates. 

One of the garnet family. 

With cobalt solution, gives a blue color after ignition. 

Brittle. Viewed on diflerent cleavages, different colors aro 
seen. 

An olivine. 

Sometimes white with spots of green. 

With CaFz ^d KRii! 04 , it yields the boron flame. 

B.B., gives a black glass. Reacts for Mu. 

In C.T., gives water on strong ignition. 

B.B., forms a black .slag. 

In C.T., gives traces of water and bacomas colorless. 


With S.Ph., tbo bead has Fe colors and an SiOz skeleton. In 
K.F., the bead is violet. 

B.B., becomes darker color and magnotlc. Depd by H 2 $ 04 . 


27 1.722 


CHLORITOID 
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INDEX 

OF MF. 

NAME 

COMPOSITION 

REMARKS 

2B 

1.716 

VE5UVIANITE 

(IdocrssB) 

1ZCi0'3(IU,Fi)20]- 

lOSiOi'ZHjO 

B.B., fuses to a greenish or brownish giass. 

2^ 

1.7J6 

CALimRNITE 

12QiO-3(AI,Fe)A- 

iaSiO:-2U^ 

The gem variety of vesuvianite. Resembles jade. 

30 

1.676 

KORNERUPINE 

MgO'Al:^-Si02 

Bright blue when treated with cobalt solution and heated. 

31 

1.B16 

ACMITE 

Ni20Fe20r4Si02 

B.Bn gives a lustrous, black, magnetic globule; colors the 
flame deep yellow. 

32 

1.703 

ZOISITE 

4Ca0-3Al203-6Sj0r 

HoO 

3(rc,Mn)0'MTiS- 

3Bc0-3Si02 

In C J., gives ell water when heated strongly. 

33 

U739 

HELVITE 

I.x)oks very much like garnet. Treated with liCI, it gives off 
H2S. 

34 


BODEN- 

BENDERITE 

Ti,Al,Yt.Mn,Si&j 

Near beckelite. 

35 

1.589 

CKLSIAN 

BaO'AlA'OBiO: 

Barium feldspar. 

30 

1.757 

BENITOITE 

Ba0‘Ti02'3Si02 

Attacked by HF and dissolved in fused {4 b2(X)}. 

37 

2.01 

LORENZENITE 

Na20-2(Ti,Zr)02- 

2Si02 

B.B., fuses to a black globule. 

38 

1.723 

UVBNITE 

Na,Ca,Mn,Fe,Zr/ra, 

Ti,Si 


39 

1.658 

GUARINITE 

Ga0-Ti02-Si02 

B.B., some varieties change color; (uses to a yeflow, brown or 
black slag. 

i 

1.70 

ARFVED50NITE 

4Ni!0 3CiO-14FeO- 
R:0,-2ISi02 

Fuses with intumescence to a black magnetic globule. 

41 

1,761 

MANGANEPIDOTE 

4(Ca,Na2,Mn)0'3(Al, 

Fe) 203 * 6 Si 02 -H 20 

A member of the Epidote group. 

42 

1.768 

DIOPSIDEACmTE 

DNa20-Fo30;i*4Si02* 

mCaO-(Mg,Fe)0* 

2Si02 

Gives a magnetic, lustrous globule; colons flaroo deep yellow. 

43 

1.77 

AEGIRITE 

Na 20 (Fe,V) 203 - 

4Si02‘+Ca0’Mg0' 

2 SIO 2 

B.B., fuses to a black magnetic globule. 

44 

1.708 

DIOPSIDE- 

HEDENBERGITE 

Ca0-(Mg,Fe)0-2Si02 

A pyn)xenQ. 

45 


RAMSAYITE 

MgO-2SiOr2Ti02 


46 

1.719 

JOIIANNSENITE 

MB0’Ca0-2Si02 

B.B., fuses to a black globule. 

47 

1.716 

GLAUCOCHROITE 

CaMibSiOi 

Reacts for manganese with borax. 

48 

1.728 

IRONRHODONITE 

(Mn,Fe,Mg,Ca)Mn 

Si206 

Probably identical with pyroxmangite. 

49 

1.7G3 

HESSONITE 

3CaO(Al,Fc)2Qj- 

3Si02 

A mombor of the garnet family. 


1.707 

BARKEVIKITE 

Between Plombicnde 
and Arfvedaonite 

F'uscs with intumescence to a black, magnetic globule. 

51 

1.691 

PIGEONITE 

(Mg,Fe,Ca)OSiaj 

A pyroxene. 

52 

1.684 

GRUENERITE 

7(Fe,Mg,Mn)0* 

8Si02-H20 

One of amphibole group. Between 50-100% FeSiQ^. 

53 

1.65 

CUMMINGSTO- 

NITE 

7(Fe,Mn,Mg)0 

8Si0rH20 

One of amphibole group. Between 50-70% MgSiO}. 

54 

1.724 

RHODONITE 

MnSIOj 

Manganese reactions. 

55 

1.68 

KAYSERITE 

AIsOn-HaO 

A micaceous alteration product of corundum. 
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Ii61.72=t ALLANITE 4(Fe,Ca)0- Moit varieties give much water in the C.T. 

(Orttlite) 3(AI,CB,Fe,0i)903- 

eSiOz-HaO 

57 1.716 WOEHLERITE (Ca,Na2)0-Cb20B' B.B., fueod to a ydlow glass. 

ZK)2Si02 

58 1.754 DANALITE 3(FB,Zii,Mn)0-3Be0- Treats with HCI, gives IJ-S. 

3Si02-(Fo.Zn)S 

59 1.730 BABIBGTONITE (Ca.Fc,Mn)0 Si02- B-B., fuso.<i to a black magnetic globule. 

FejOj-SSiOo 

60 ERIKITE (Ce,la,Di) 203 'P 20 i- In G.T., looses wafer and becomes white. 

ThOrNaaO-AlnOj. 

SiOa-U-iO 

61 1.89 HETEROSITE (Fe,Mn)20,r?o0G-HL>0 Fuses to a deep brown, submetallic onamul 

62 1.7 AMPHIBOLE RO (Na2.K2,H2)0- B.B., tests variously with various members of Ihegroup. 

R203'2Si02 

63 1.635± NORDITE Si,Ti,Cb,Ta,Th,ctc Brittle. B.R., turns brownish black. 

64 1.67 HORNBLENDE As amphibole One of tho amphibole group. 

65 1.671 DIOP5IDE Ca0-Mg0-2Si02 One of the pyroxene group. 

66 1.68 PYROXENE Ca,Mg,Fe,Si,etG B.B., varies with different members. 

67 1.7Q2 HYPERSTHENE (Mg,Fe)Si03 B.B., on coal, yields a black magnetic mass. 

6B 1.74 HEDENBERGITE CaO Fe0-2Si02 Fuses to a black, magnetic globule. 

69 1.088 URBANITE Na20-2Fe20;r Fuses with difficulty to a magnetic slag. 

(Ca,Mg)b-4Si02 

70 1.689 CENOSITE CaO- In (\T., givas water at a low heat. 

4Si02'2Il20 

71 1.736 PERICL.\SE MgO With cobalt .solution on lung testing, gives a fiosh-red jiink. 

72 1.667 CLINOHEDRITE ZnO-CaO SiO-j HsO On coal, gives a coating of ZnO. 

73 1.65 HELLANDITE 3(Al,Fe.Mn,0e)203. 

2CaO-4Si02'3nnO 

74 1.93 FERBMANNITE S(Ca,Nao)(0,F2) 

4Ti0r3Si02 

75 1.568 EPIDIDYMITE HNaBeSijOs Fu3e.s easily to a colorless glas.**; yields water only at high 

temperatures. 

761.64± GRIPHITE MnO-PjOi-HiO with Tranriuwnt. 

Fe,Al,Ca,etc 

■71.683 ZINC (M!!,Mn.Zn)OCaO- pyroxene. 

SCHEFFERITE 2fflO, 

781.66 PLANCHEITE 2Cu0-2SiO2.HiG 

71 1 JOT TITANITE CaO-TiO,- SIO: Snma virMlai chania color and fuM to a jrallow, trawn ar 

(Sphana) Mack slap. 

IQ 2.393 GOETHITE HFaO, Brittle. Moislenad with HiSO,, loma variatias iaipart a 

blaish (non calir to the flame. 

II2JII± LIMONITE HFe0].nH>0 Usually in ataladltic, hotTfoldal or mammllarr form. 
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MINERAL IDENTIFICATION TABLES 


GROUP 7 

Specific Gravity 3.65-3.33 



INDEX 

OF EKF- 

NAME 

COMPOSITION 

REMARKS 

12 

1 . 6 G 8 

RINKITE 

Na,Ca,(;Je,Ti,iSi 

Fuses to a black, shining glass with continued intumesoonce. 

S3 


HEADDENITE 

PjOb of Na,K;Fe,Mn, 
Ca 

OCaO-SfAsaOsPA) 

Ca(FOH )2 

Occurs in nodules. 

84 

1 . 68 =b 

SVAHITE 


85 

1.725 

HOMOLITE 

2 Ca 0 Fa 0 'B 203 - 

2 Si 02 

Fuses to a black glass. 

86 

1.654 

DIOPTASE 

CuSiOa.HjO 

In C.T., blacluns and yialds water. 

87 

t.C 8 ± 

FLORENCITE 

3 AlaOa* Cfi 203 ‘ 2 P 20 i- 
6 H 2 O 

In C.T.. gives acid water and slight etching of the tube. 

88 

1.487 

IIACKMANITE 

3Na20-3AljQ3'6Si02- 

2NaCI(S) 

Treated with ITCl, gives II 2 S and a small amount of doculent 
SiOs. (.Changes its color under ultra-violet light 

‘89 

1.66 

FERMORITE 

9 (Ca.Sr) 0 -(P,As) 20 L‘ 

Ca(OH.F )2 

A member of the apatite group. 

90 

1.645 

IIINKOLITE 

Ti and Si of rare 
oarUiH, Na, Sr, Ca 

liclated to rinkito. 

91 

1.69± 

TRIPHYLITE 

Li(Fe,Mn)P 04 

In C.T., turns to a dark color and gives oil water. 

1 

92 

1.763 

PSEUDO- 

MALACHrrE 

Ciia(P 04 )r 3 Cu( 0 H). 

In C.T., yields water and turns black. 

t 

93 


MANGANO- 

SPHERITE 

3FeC0j-2MiiC0j 

la botryoidal aggregates. 

94 

I.G73d= 

TRIPLITE 

(FB.Mn)FP 04 with 

Ca and Mg 

Moistened with llzS 04 r it colors the flame green. 

95 


DASHKESANITE 

Fe,Al,Mg,Ca,K,Na, 

Si 02 'H 20 


96 

1.666 

LITH10PHYLITE 

Li(Fe,Mn)P 04 

Colors flame rod with polo bluish green exibrior. 

97 

1.704 

SCHALLEIUTE 

8Mn0-6Si02' 1 A.'JaOs* 
4 H 2 O 

In C.T., gives H 3 O and an arsenic coating. 6 .B., turns black. 

96 

1.617 

CALAMINE 

ZnSi 03 Zn( 0 H )3 

In C.T., decrepitates, whitens and gives ell water. 

99 

1.674 

NATROPHIUTE 

NaMnP 04 

R.B., colors the flame intensely yellow. 

100 

1.87 

SYNADELPHITE 

2 (Al,Mn)AB 04 - 

. 5 Mn(OH )2 

Gives off chlorine when wanned with HCl. 

101 

1.88 

MAZAPILITE 

3CaO'2Fe203- 

2A820b-5H20 

in C.T., yields water and at red heat the powder becomes 
brick-refl. 

102 

1.672 j 

FILLOWITE 

(MD,Fe,Ca,NB 2 )?' 

(POAlrHaO 

In C.T., a little neutral water. 

103 

1.747 

MOLEN- 

GRAAFFITE 

NajOCaOAIjOs- 

SiOs-TiOa-etc 


104 

1.434 

YTTROCERITE 

(Er,Y,C0)F8-5CaF2* 

HsO 

In C.T., gives water. 

105 

1.69 

JEFFERJSONITE 

(Mn,Zn,Fe,MK)0< 

Ca 0 - 2 Si 02 

Pyroxene group. Zinc may be present as an impurity. 

106 

1.457 

YTTROFLUORITE 

(Ca 8 ,Y 2 )F 6 


107 


ENDEIOLITE 

r*Cb20B(0H)2 

R"'-Si 03 

Probably altered pyrochlore. 
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GROUP 7 

Specific Gravity 3.65-3.33 



NAME 


COMPOSITION 


REMARKS 


ELLSWORTHITE 

PURPDRITE 

RHODOCHROSITE 

BARYTOCALCITE 

LIBETHENITE 

HAUERITE 

SARCOPSIDE 

AMPANGABEITE 

SICKLERITE 

LAMPROPHYLITE 

RIEBECKITE 

CRANDALLITE 

VEZELEYITE 

MESITITE 

DITOENITE 

EUCHROITE 

DICKINSONITE 

RIVIOTITE 

PISTOMESITE 

ROSELITE 

CALCIO- 

VOLBORTHITE 

HEMATOUTE 

CRONSTEDTITE 

SCHULZENITE 

HETEROGENITE 

CACOXENITE 

PINNOITE 

WARWICKITE 

HARDYSTONITE 
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CROUP 7 

Specific Gravity 3.65-3.33 



H 

SF. GR. 

F 

na 

COLOR 

STREAK 

LUSTER 

CLEAV- 

AGE 

FRACTURE 

SYS- 

TEM 

w 

3-3 5 

3.55 

1.5? 


Olive grn, citron ylw 

Ylwsh gm 

PtoV 

Perf 


M? 

138 

3-35 

3.55 



U gray-grn 


DIst 


M 

139 

3=3^ 

343 

3 

Galat 

White 




Pibroua 

0? 

HO 

3-3 5 

3.37 


White 



Good 


M 

141 

3 

3.6^.i 

2? 

Sol 

Rrwnsh to garnet red 

Brick-red 

VtoG 

Dist 

Uneven 

0 

142 

3 

3 42 

2 

Sol 

Wht tinged ylw 


Stop 



0? 

143 

3 

3 72-3 43 



Dlksh to violet blk 

Dark brown 





144 

3 

3 4-3.1 



C] ray-black 


Bronze 




145 

3 

3.4-3.3 

2.5-3 

Dcpd 

Bronze ylw 

Golden 

Sm. P 

Perl 

Brittle 

0 

140 

3 

3 36 

2.5 

Sol 

Blue 

Gmsh blue 

V 



H 

147 

3 

3 

3 58 

Inf 

Dcpd 

Colorlesfl 


V 



0 

148 

3 33 

1 

Dcpd 

Rose-red 



Basal 


T 

149 

2.5-3 

3.99 

Fu9 

Colorless to 


p 

Perf 


Tr 



transparent 






150 

2 5-3 

3 5 

3.5 

Sol 

Blue to grnsh blue 


V to S - 

Good 


0 

151 

2.5-3 

3.54 


Copper-red 


Bronze- 

Perf 






like 




152 

2-3 

3.45 

Fus 

Sol 

Ylw-grn 



Perf 


0 

153 

2.5 

3.48 

Easy 

Sol 

Black 



Perf 


M 

154 

2-2.5 

3.(>-3.4 

3 

Sol 

Green 

Palor 

P,Sa 

IVaces 

Brittle 

M,T 

155 

2-2.5 

3.6-3.53 

Inf 

Dcpd 

Wht, gray, ylw 

Shining 

E.D 

Perl 


M? 

156 

2 

3.64-3.54 

Inf 

Sol 

Pale grn to blue 

Same 

P 

Traces 


M? 

157 

2 

3.43 

2 

Sol 

Jilmerald-green 

Lighter green 

V 

Perf 

Sectile 

0 

158 

2 

3.53 

3? 

Sol 

Ylw-gm 


P 

Perf 


0 

159 

1.5-2 

3.49 

1 

Ins 

Lemon-yellow 

Paler 

P.R 

Perl 

Fleiible 

M 

160 

1.5-2 

3.56 

1 

Ins 

Red to orange ylw 

Orange to 

RIoG 

Good 

Small conch 

M 







aurora rad 





161 

1-2 

3 88-3 .52 

2^ 

Sol 

Blk, ylwsh, brwn 

Ylwsh, brwn 

s 



0 

162 

Soft 

U40C/ UwA 

3.58 


Green 




0 

163 

7 

3,63 


Sol 

Ylw, brwn 



Good 


Tr 

164 

? 

3.58 



Drk olive gm 




Granular 
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MINERAL IDENTIFICATION TABLES 


GROUP 7 


5l»eci6c Gravity 3.65-3.33 



H 

BP. QS. 

F 

HCL 

COLOR 

STREAK 

LUSTER 

CLEAV- 

AGE 

FRACTURE 

1 

165 

7 

3.57 



Red-brown 

Cbocolate 



Conch 

0? 







brown 




laa 

7 

339^.27 



Dark brown 






167 

7 

333 

2-3 

Sol 

Colorless 


P.V 



H 

16B 

7 

3.42 



Brown 




M 

169 

7 

3.58 



Black to brown 

Red-brown 

M 




Tr 

170 

7 

3.65 



Yellow, brown 


Brilliant 

Good 


H 

171 

7 

3.55 



Black 





172 

7 

3.33 



Sky-blue 





H 

173 

7 

337 





Perf 


M 

174 

7 

338 



Brown 





T 

175 

7 

3.483.44 



Blk, bluish tini^ 





M 
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GROUP 7 

Specific Gravity .^.65-3.33 



INDEX 

or REF. 

NAME 

COMFOSmON 

REMARKS 

165 

1.749 

ALLODELPHITE 

5MdO-2(Mii,A1)A- 

AsiOiSiOrSHiO? 


166 


FERRI- 

SICKLERITE 

12 (Mn4j2)0* SFojOa' 
APjOg 


107 

1.712 

PALMIERrrE 

3(K,Na)^-4PbO- 

7SQa 

Docomposed by boiling water. 

168 

1.694 

GIRNARTTE 

FB,Al,Ca,Mg,Na,SiOt 

A member of the hastingBibe group. 

169 


RHOENITE 

(Ca,Na2,K2)3Mg4. 
F 02 ,rfi 3 ^l 4 (Si, 
Ti) 60 ao ' 

Like aenigmatite but leas alkalies and FeO and more 
(Fe.Al)2Q3. 

170 

1.882 

ARGENTIO- 

JAROSITE 

Ag20*3Fe20a*4S0a- , 

6 H 2 O 

Minute micaceous scales. 

171 


METATRIPLITE 

GMnO-SFesQs'SP^ii' 

2(Mn,Ca)F2-4H20 

An alteration product of triplite. 

172 

1.75± 

BUTTGEN- 

BACHITE 

IGCuO^CuClj- 

Cu(N03)2-19H20 

May be connellite. 

173 


FERRO- 

HASTINGSITE 

Ca 2 Na(Fe,Mg) 4 - 

(Al,Fe)aSii« 022 (OH )2 

Amphioble group. Hastingsite rich in iron. 

174 


BBRYLLTUM- 
VESUVIANITE I 

2(Mg,Mn,Zn)0-6Ca0- 

4Be0'Al203-6LSiO2 

In slender crystals. 



TAMARITE | 

Na,Fe amphibnle 

Similar to hastingsite. 
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GROUPS 

Specific Gravity 3.32-3.00 



INDEX 

OF REF. 

NAME 

COHI'OSITION 

REMARKS 

1 


CARBONADO 

C 

Black diamond. 

2 

2.654Na 

MOISSANITE 

SiC 

Found in tneteorites; not dcpd by acida or aqua rogia. 
Slowly dcpd by fused KOH. 

3 

1.719 

BROmUJIE 

DeO 

Slowly soluble in HCl and 11N0$, more readily in cone 
H 2 SO 4 . 

4 

1.674 

LAWSONITE, 

H4CaAl2Si20io 

Yields water in C.T. 

5 

1.654 

PHENACITE 

2fiB0Si02 

B.B. With soda, givas a whita anamal. 

6 

1.639 

ANDALUSITE 


With cohalt solution, givas a blua color attar fgnllioi. 

7 

1.636 

GHANDIDIERITE 

2Nb30-8(A1,Fo,B)!03- 

4FeO-5SiO: 


8 

1.05d 

EUCIiASE 

2 Be 0 'Al 30 !i- 2 Si 02 - 

H 2 O 

B.B. in forceps, cracks and whitens, throws out pmnta. 

9 

1.67 

LOTRITE 

4Si0r2(Al.Fe)20.v 

3CCa,Mg)0-2H20 

• 

ID 

1.64db 

TOURMALINE 

B.Si of FB,AI.MK,Cr, 
UK.NB 

With KHSOi and CaFs, givas a strong raaction lor baroiL 

11 

1.633 

DANBURITE 

CaO BiOrZSiOi 

In O.F., colors flame greon. Phosphoroscas. 

12 

1.667 

BQRACITE 

GMEQMgCIreBnOa 

Fuses with intumescance to a white peart, calais flann groan. 

13 

1.666 

DUMORTIERITE 

6Al20,rB20,r 

6Si02H20 

Usually in fihrous and columnar aggragates. 

14 

1.8d= 

GARNET 

3(Ca,Fe.Mn.Mg)0* 

(AI,FB.CrJI) 203 . 

3SI02 

Most varieties fuse easily to a black or light brown slag. 

15 

1.666 

SPODUMENE 

U]0Al20)-4Si0i 

B.B., becomas white and opaque; swells up; colors flama 
purplish red. 

16 

1.722 

DIASPORE 

HAIO 2 

Brittle. Viewed on diflarent cleavages, diflarant colors are 
seen. 

17 

1.661 

CHRYSOLITE 

2(Mi,Fa)0Si0, 

An olivine. 

IB 

1.685 

i 

AXINITE 

6(Ca,Fa,Mn]0- 

2AI)>0rl9i0rH20 

B.B., intumesces and imparts a graan color to the lliini. 

19 

1.73 

OTTRELITE 

(Fe,Mii)OAljOj- 

2SiO!'Il20 

Yields water in C.T. Decomposed by HaS04. 

20 

1.661 

FORSTERITE 

Mg5i04 

In C.T., gives traces of water and bacomas colorlasi. 

21 

1.742 

EPIOOTE 

4Ca0-3(AI,Fe)203- 

eSiOrHzO 

In C.T., givas water on strong ignition.'l 

22 

1.66 

SILLIMANITE 

Al^SiOg 

With cobalt solution, gives a blue color after ignition. 

[23 

1643 

MULLITE 

3AlsC^'2Si02 


24 

1.676 

KORNERUPINE 

Mg 0 'Al 2 Q 3 'Si 02 

Bright blue when treated with cobalt solution and heated. 

25 

1.629 

TIRODITE 

Mg,MniSi 02 

Amphibole group. 

26 

1.64 

JEREMEJEVITB 

AI 2 B 2 OB 

B.B. in forceps, loses transparency, becomes white and colors 
flame green. 

27 

1.704 

AUGITE 

CaO 3 (Fb M£)0- 
Al203'4Si08 

An aluminous pyroiane. 
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■ 





. 



CLEAV- 


STS- 


H 

SP. GB. 

F 

HCL 

COLOB 

STBEAK 

LUSTER 

AGE 

FBACTUBE 

TEM. 

28 

6.5 

3.27 



Green 



Porf 


M 

29 


3.11 

5-6 

Sol in 




Perf 


0 












30 

6.5 

3.22 



Green 



Good 


0 

31 

6.5 

3.13 



Colorless, light yellow 



None 


R 

32 

6.5 

3.18 

4-5 

Gelat 

Lt gm, wht, dull 

Wht, grajish 

RtoV 

Perf 


T 

33 

6.5 

3.05 

5-6 

ln& 

Wht inclining to 


V,p 

Diet 

Uneven 

M 






grysh blue 






34 

6.5 

3.312 



Honey-yellow 



Pris- 











matlc 



35 

6.5 

3.21 

3 

Ins 

Pale grn, brwn 



Perf 


M 

36 

6-6.5 

3.37-3.25 

3-4 

Ins 

Ylw, wht, grn, red, 

Uncolored 

VloP 

Perf 

Uneven to 

0 






brwn 




subconch 


37 

64.S 

3.36-3.16 

3-4.5 

Gelat 

Ylw, brwn, grn 

(Incolnred 

VtoP 

Traces 

Lfne.ven to 

I 










conch 


38 

g-6.s 

3.2.a.i 

Inf 

Gtlil 

Ylw, wht, brwn 


VtoR 

Perf 

Subconch to 

0 










uneven 


39 

6-6.5 

3.2-3.1 

Inf 

Gelat 

Ylw, red, grn 


V 

Poor 

Subconch 

M 

40 

6-6.5 

3.2-3.1 

Inf 

Gelat 

Ylw to rdsh brwn 


V 

Peer 

Subconch 

M 

41 

6-6.5 

3.11-3.04 

3-4 

Ins 

Blue to bluish bib, 

Grayish blue 

VtoP 

Perf 

Conch to 

M 






grayish 




uneven 


42 

5,5-6.5 

3.0 

5-6 

Ptsol 

Pale pink to brwn 


PtoV 

Perf 


M 

43 

6 

3.09-3.01 

2 

Sol 

Wht, grnsh, brwn, 

Wht 

P,Y,G 

Perf 

Uneven to 

Tr 






bluish, ylw 




subconch 


44 

6 

3.0 

2 


White 



Perf 


IV 

45 

6 

3.2-3.0 

4 

Ins 

Green 

Uncolored 

V, P,S 

Perf 

Uneven to 

M 










subconch 


46 

G 

3.03 

3 

Sol 

Rose to flesh red 

White 

V 

Perf 

Uneven 

Tt 

47 

6 

3.14 


Dcpd 

Ylw-brwn, brwn, etc. 





0 

48 

6 

3.18 



(Colorless 


V,P 

Perf 

Conch 

0 

49 

6 

3.04 

6 

Gelat 

Colorless 



Imperf 


T 

50 

6 

3.25 

Fus 

Ins 

Gray-brown 



Perf 


M 

51 

6 

3.1 

Inf 

Gdat 

Ylw to rdsh brwn 



Poor 


M 

52 

6 

3.12-3.04 



Brwn to wht 


A 




53 

6 

3.05 

Inf 

Sol 

Colorleas, pale ydlow 



None 

Brittle 

I 

54 

6 

3.3 


Ptsol 

Pale pink 


V 

Perf 

Conch to 

Tr 










uneven 


55 

6 

3.15 

Fus 

Gdat 

Pale grn to colorless 


V 

Good 


M 

56 

6 

3.09 



Wht, gray, grn, brwn 



Perf 


M 
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1 



COMPOSITION 

REMAItgR 

28 

1.674 

DIOFSIDK- 

NajO-OaO-MgO- 




JADEITB 



29 

1.653 

KOTOITE 

MgaB-jOe 

Lemollar twinning and parting. From Suan, Korea. 

30 

1.671 

VffilDINE 

(Al,Fc-Mn)A-Si 02 

Green variety of andulusite. 

31 

1.675 

PLAZOLITE 

‘JCaO-AlsOd- 

2(Si05,(X)»V2HiO 


32 

1.691 

FUGGEIUTE 

(Ca,Naj)(Al,Mg) 

(Al,Si)s07 

Close to gehlcnite. 

33 

1.661 

LEUGOSPHENJTE 

Na4lSa(Ti07)(SiA)s 

B.B., decrepitates and fuses to a dark glass. 

34 

1.639 

TmODITE 

Si02-(AI.Fo)A- 

(Fe,Mn,Mg,Ca,Na 2 , 

Bml parting. Differs from dannemorito and richterite in 
containing more Mg and has higher optical properties. 

35 

1.717 

CLINOZOISITE 

4Ci0'3Alo03-liSH)2- 

H,Q 

4Ca0-3«203-SSi0:- 

H.0 


36 

1.703 

ZOISITE 

In C.T., gives oR water when heated strongig. 

37 

1.739 

HELVITE 

3(Fe,Mii)0-MnS, 

SBcO-SSiOs 

Looks very much like garnet. Treated with HCI, gives 
off HjS. 

38 

t.632 

HUMITE 

Si 02 of Mg and Fe 
with F 

Treated with KHSO 4 in C.T., gives reactions for fluorine. 

39 

1.62 

CHQNDRODITE 

4M(02$I02- 

M((F.OH)j 

As humite. 

40 

1.636 

CLINOHUMfTE 

As humite 

As humite. 

41 

I.63B 

GLAUCOPHANE 

Na20AloOr4Si02- 

2(Mg,Fe)0>2Si02 


42 

1.625 

EP11E8ITE 

(.%,Ca,Li)2Al4- 

aSi:fOiD(0,OH,F)2 

In C.T., jielda water. 

43 

1.623 

AMBLYGONITE 

LiFAIP04 

In C.T.r yields water; at high temperatures it is acid and 
cerredes the glass. 

44 

1.611 

MONTEBRASITE 

Al 203 *F 20 r,- 

2Li(OII,F) 

A variety of amblygonito. Soluble in H 2 SO 4 . 

45 

1.627 

ACTINOLITE 

CaO-3(Mg.Fe)0- 

4SiO.> 

One of the amphibeles. 

4G 

1.636 

INESITE 

2(Ca,MnlOSiOrH20 

In C.T., gives off water and turns brown. 

47 

1.567 

NORBERGITE 

3M|r0-.SiO2-H;O-f-F 

Member of the humite family. 

48 

1.613 

STOKESITE 

Ca6Sn02-3Si02-2H./) 


49 

1.669 

mARDENITE 

2 Ca 0 'Al 203 ’Si 02 

A member of the melilite group. 

50 

1.65 

CUMMING- 

STONITE 

7(Mg,Fc)0-8Si02- 

H 2 O 

One of the araphibole group. Between 50-70% MgSiQa. 

51 

1.67 

TITANOHVDRO- 

CLINOIIUMITE 

SMg0-4Si02 and 
TiOa-MgtOII). 


52 

1.625 

GUDCEIXITE 

(BaA,Ge)0-2Al203- 

PA-5H20 

Alunite group. 

53 

1.67 

HIDSCHITE 

Ca0AI-.0a*2Si02-H20 

Yields water freely. 

m 


BUSTAMITE 

AlnO‘CaO*2SiO<i 

A form of rhodonite, 

55 

1.711 

MERWINITE 

Mg0-3Ca0-2Si02 


56 

1.619 

EDENITE 

8C::a0-2Na2018Mg0- 

4Al209-2BSi0r 

H20-3F2 

One of the amphibole group. Resembles anthophyllite and 
tremolite. 
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REMARKS 

57 

1.67 

CROBSITE 

Na,0.4(Mg,Fe)0- 

(I<'e,A 1 ) 203 ' 88 i 02 

An afuphihtde intermediate between glaucophane and 
ricbeckite. 

58 

1.629, 

RICHTERITE 

CaiNiis(Mg,Mii)igSii( 

0«(0H)4 

An ampbibole. 

59 

1.631 

HASTINGSITE 

NajO-,3(Al,Fe)jQj- 

A group of ampfaiboles low in SiOs. 

60 

1.636 

GEDIUTE 

(i%Fe,Al)7 

(AI.Si)sOs2(OH)2 

See antbophyllite. A variety of ampbibole. 

61 

1.638 

ANTHOPHYLLITE 

(Mg.FQ 0-Si02 

One of the amphibolea. 

62 

1.658' 

HIORTDAHLITE 

(Naj,CalO-(Zr,Si)0, 

B.B., fuses to a yellowi.sh white enamel. 

63 

1.691 

GimLlililTE 

3GaO’Alt03-2SiO3 

B.B., with borax, fuses slowly to a glass colored by iron. 

64 

1.7 

AMPHIBOLE 

R0(Na2K2.H2)0- 

R30y-2Si02 

B.B., lasts variously with dlHarenl mambars of tbe group. 

65 

1.67 

HORNBLENDE 

As Afflphibole 

A coniinon mambor of tha amphibola group. 

66 

1.687 

RaSENBUSCHITE 

2Na20 60a0*7Si02* 
Zi0.r2Ti02 


67 

1.871 

DIOPSIDE 

Ca0Mg0-2Si02 

Ona of tbe pyroxenes. 

68 

1.6B 

PYROXENE 

Ca,Mg,Fe,Si.Btc. 

B.B., varies with diflarant members. 

69 

1.634 

LAZULITE 

(Fe,Mg)0<Al20a- 

P20r.H20 

In C.Tn wbitens and yields water. 

70 


CIRROLITE 

(KIHUOLITE) 

(^a»(P04)2*AIJU- 

AKOlDf, 

B.B., fuses to a white enamel. 

71 

1.699 

NEPTUNITE 

(Na,K)20‘(rB,Mn)0- 

TiOj-SiOa 

Deep red iu splinters. 

72 

1.653 

ENSTATITE 

(Mg.FelO’SiO" 

One of the pyroianas. 

73 

1.603 

FREA'IONTITE 

NaaO'AlaOa'PaOa* 

II 2 O 

In C.T.; gives water. 

74 

1.67 

IRON- 

AKERMANITE 

2l]aO'FoO-2Si02 

Melilitc group. 

75 

1.68 

HARBTIGITE 

6 Cii 0 - 2 Mn 0 Al 203 . 

68102-21120 

Treated with HCl, it yields chlorine. 

76 

1.683 

ZINC 

SCHEFFERITE] 

(Mg,Mn,Zn)0-CaO- 

2Si02 

A pyroxene. 

77 

1.554 

GROTHINE 

isiOo of Al,Ca,Fe 

B.B., becomes white. Depd by 112 S 04 . Small tabular 
crystals. 

78 

1.652 

BITVITE 

SiOa of Ca,AI with 
II 2 O 


79 

1.718 

PUMPELLYITE 

Ca0-3.M205i'7Si02* 

4 H 2 O 

In minute fibers and narrow plates. 

BO 

1.662 

MONTICELLITE 

CaOMgOSiOs 

Gelatinizes on evaporation with HCI. 

81 

1.606 

EUDIALYTE 

6Na2O0(Ca,FD)O- 

20 (Si,Zr)O 2 -Naa 

Fuses to a light green, opaque glass. In C.T., yields water. 

62 

2.393 

GOETHITE 

HFBO 2 

Brittle. Moistened with H 2 S 04 , some varieties impart a 
bluisb green color to the flame. 

83 

1.57 

WAGNERITE 

M§g|(P04)2’MgF2 

B.R., gives a greenish gray glass; with H 2 S 04 , colors the 
flame bluish green. 
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■54 

1.613 

MELIPHANITE 

2CaO'21i6O-3Si0r 

NaF 

H.B., like leucophanite but does not phaaphoresoe. 

85 

IJ54 

DATOLITE 

JCiOljOflSIO,. 

H.0 

In C.T., yields watir. 

86 

1.636 

SCHIZOLITE 

Na20-4(Ca,Mn)0- 

6Si02'H20 


87 

1.654 

DI0PTA5E 

CuSiOsHiO 

In C.T., blackens and yields water. 

88 

1.626 

5VANBERGITE 

Na 20 *Ca 0 -Al 203 ‘ 

S 03 ‘PA 

lu G.T., ^ielda acid water. 

69 

1.635 

GOYAZITE 

3CaO-3AI.Qj'P^i- 

9H2O 

In C.T.J gives off water and turns white and opaque. 

00 

1.621 

EUCOLITE 

6 Na 30 - 6 (Ca,FD) 0 - 

20 (Si,Zr)O 2 -NaCl 

In C.T., gives off water. B.B., yields a light green, opaquo 
glass; colors Oamo yellow. 

91 

1.378 

SELLAITE 

MrFz 

Treated with roue H2SO4, it yields HF and etches the glass. 

92 

1.616 

TREMOLITE 

2CaO'SM|OBSiOr 

HjO 

One of the amphiboles. 

93 

1.633 

MEIJLITE 

Naz0.lUCaMg)0- 

2 (A),F«j 2 Q 3 . 9 SiOj 

B.B., fuses to a gmsh or yellowish glass. 

94 

1.629 

WHITLOCKITE 

Ca^iiVOih 


95 

1.635 

DAHLLITE 

2 Cl 3 (P 04 )rGaC 03 - 

With HCI, tins oil C0^ 

06 


TOrUilNDllICKlTE 

NaaO^MuO-CaO- 

FeO'l'e2O.rl0SiO2 

An amphibolo intermediate between glaueophane and rei- 
beckite. 

97 

1.0.54 

HUHEAULITE 

5Mn0-2P20i'5H20 

J'usesto apoarl that changes color with flaming; green flame. 

98 

1.612 


Call'’,()llj 2 -(.’aO* 21 iH(.)- 

Pl-Gs 

B.B., phosphornsccs with an orange light. 

99 

1.655 

WILKJ'IITE 

2n('a0-.'3PAC02- 

mh'Mh 

Tests for SGj, P 2 O 5 and CJOj. 

ion 

1.624 

LEWISTONITE 

InCaO- (Na,K) 20 * 
iVMlhO 


101 

1.633db 

FLUORAPATITE 

gCaO-SPsOs-CaFs 

Moistened with H 2 SO 4 , it colors the flame green. 

102 

1.06 

TILASITE 

(ELUOllADELlTE) 

2 CaO'MgO'A.S 203 * 

MrF2 


103 

1.7± 

HAINITE 

SiOa of Na,Ca,Ti and 
Zr 

9Ca0’3P20B’CaCl2 


104 

1.667 

CHLORAPATITE 

Moistened with H 25 O 4 , It colors the flame green. 

105 

1.653 

LOVCHOHllITE 

FesQsMgOCaO' 

Mn0Si02Ti02* 

ZnOa 


106 

1.622 

DEHMITE 

7CaO-(Na,K)20' 

2P‘AH20 

May be a member of the apatite group. 

107 

1.776 

ORIENTITE 

4t';uO-2Mu2Q3*5Si03- 

4H20 


108 

1.633 

AKERMANITE 

MRO-2CaO-Si02 

A form of melilite, 

109 

1.66 

BRANDISITE 

12(Mg,Ca)0- 
6 (AliFejaOi* SSiOjr 
4 H. 2 O 

In C.T., yields water. See seybertite. 
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U 

fir. (Jii. 

F 

HCL 

COLOR 

STllKAK 

LUSTER 

CLEAV- 

AGE 

FRACTITRE 

SYS.- 

TEM 

110 

5 

3.01 

Inf 

Sol 

Colorless, gray, 


VtoR 

Good 

Uneven, 

m” 






bluish, ylw 




.splintery 


111 


3.08 



Colorless, ylw 





H 

U2 

5 

3.14-3.11 

4 

Sul 

Hose, pink, ylw 


V,Sr,G 

Good 

Conch to 

0 










uneven 


113 

4.W 

3.24.3.18 

4 

Sol 

yiwsh, wht, br^vnsh 

Whtsh, brwnsh 

VtoR 

Imperf 

Uneven 

0 

114 

45-5 

3.23-3.17 

5-5.5 

Sol 

Wht, grn, blue, 

White 

VteR 

Imperl 

Conch to 

H 






ylw, etc 




uneven 


115 

4.5-5 

3.21 



Flesh-red, ylw, 


Non- 



II 






white 


metallin 




116 

4-5.5 

4.3-2.7 

inr 

Sol 

Brwn to nearly 

Ylwsb brwn 

S. Sm, E 


Conch to 







bik, ylw 

to rdsh 



uneven 


117 

4-5 

3.09 

Inf 

lus 

Look green 


V,P 

Perf 

Brittle 

M 

118 

4-5 

3.07 

4 

Dcpd 

Pink, rose-fed 

Pale ro!« 


Porf 


R 

119 

4-5 

3.16 


Sol* 

Wht, ylw, palo gm 






120 

4-5 

3.]^.0 

Inf 

Sol 

Rd.sh hrw'n, copper- 

TJncrdoreiJ 

P, Sni 

Perf 

Brittle 

M 






red 






121 

4.5 

3.23 

4 

Sol 

Colorless, yellow tint 


P, 0, R 

Perf 


R 

122 

4.5 

3.04 







123 

4.5 

3.11 

4-4.5 

Sol 

Siskin gnacn 

Pale green 

V 

Good 


Tr 

124 

4.5 

3.01 


Sol 

Colorless, flesh 


Vto P 

Basal 


H,R 






colored 





125 

4.5 

3.1 

I'^y 

Sol in 






11 




iim 



• 




126 

4.5 

3.19 



Yellowish brwn 



Poor 


M 

127 

4.5 

3.32 


rt .%] 

Wliite 



Pejf 



128 

4-4.5 

3.19-3.06 

3 

Dopd 

Gray, grn, brwn 

Paler 

P 

Perf 

Uneven 

R 

129 

3.5-4.5 

3.12-3.0 

Inf 

Sol 

Grysh, wht, ylwsb, 


v.s 

Perf 

Flat conch 

R 





I 

1 

brwnsh 






130 

3.5-4.5 

3.DB-2.S9 

Did 

Ptsol 

Gray, rdsh, pink, 


P.v 

Perf 

Brittle 

M 






white, ylwsb 






131 

4 

3.25-3.01 

1.5 

Ptsol 

Wht, ylw, grn, red, 

White 

Y 

Perf 

Conch 

1 






purple, blue 






132 

4 

3.03-2.93 

2.5-3 

Dcpd 

Udsh bru-n 

Palp ylw or 

V,G,R 

Dist 


M7 







grysh brwn 





133 

4 

3.3-3.2 

37 

Ins 

Blue, green 

Blue, green 

S 

Prls 


M 

134 

4 

3.0 



White, bluish 



Good 


0? 

135 

4 

3.01 

Inf 

Sol 

White 



Dist 


0 

136 

4 

3.22 



Black 


Pitchy 
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REMARKS 

110 

l.f)74 

SPURRITE 

5Ca0C02-2j:ji02 

B.B., givKi a strong calcium light. 

111 

1.63 

PODOLITE 

10CaO-3PA-COj 


112 

1.66 

EOSPHORITE 

2(Mii,re)OAl!Os- 

PA-tilsO 

In C.T., gives water. In forceps B.B.| whitens and sproutai 

113 

1.678 

CHILDRENITE 

(Mn,Fe)(OU)j. 

AIPO<-HiO 

In C.T., gives H 20 . On coal, turns black and becomes 
magnetic. 

114 


APATITE 

3Cla(POt)s‘Ca 

Maistaned with H2S04. it colors tho flaino bluish graon. 

115 


HAIITITE 

(Sr,Ca)0-2AlA- 

PiOs-SOj-SHaO 


116 

2.0I± 

LIMONITE 

HFeOrnHjO 

Usually in stalactitic, butryoidal or mammilary form. 

117 

1.66 

XANTHOPHYL- 

LITE 

14(Ca.MKi08.Al2Qj- i 
SSiOrHjO 

A rare green mica. 

118 

1.65 

FftlEDELITE 

Il7(Mri.Cl)Mn4-4Si02 

B.B., fuses to a black glass. 

no 

1.678 

IRON 

UEDDINGITE 

9(Fe,Ca,Mj?,.Mn)0- 

4PA‘3H20+F 


120 

1.657 

SEYHERTITE 

1 

ll)(M|!,Ca)0'5AlA- 

ASiOrSHjO 

Occurs in foliated, micaceous masses. 

121 


IIAMLINTTE 

PO 4 of Al and Ba 
with IIxO and F 

In C.T., gives much water and HF which etches the glass. 

122 


QUERCYTTE 

6 CaO- 2 p 2 ()s' 2 CaO* 

2 C 03 -CaF 2 


123 

1.84 

CIIAL(Y)S1 DERITE 

CuO*3F O 2 O 3 ■ 2 P 20 i* 

8 H 2 O 


124 

1.636 

WOODHOUSEITE 

2(;a0-3Al203-p20r,- 

2 .^ 03-61120 

in C.T., gi res water. Champion silimanite mine. White Mts., 
Calif. 

125 

1.625 

FRANCOLITE 

lOCaO-SPsOa-CaFj- 

rOa-HiO 

A member of the apatite group. 

120 

1.676 . 

AKROCHORDITE 

4 Mn 0 -Mg 0 x\a 20 b- 

CH 2 O 


127 

1.62 

TIKHVINITE 

2f3rO-3 A ‘ aO.!’ P^Os' 
SOa-BUaO 

In C.T., yields water. 

128 

1.675 

PYROSMALITE 

9 (Fe,Mn) 0 - 8 Si 02 - 

F(}0Io-7H2O 

In C.T., yielris acid water. 

129 

1 .T 

MAGNESITE 

MgCOs 

With HCI, gives CO2 but ruacts much slower than Calcite. 

130 

1.643 

MARGARITE 

Ca 0 ZAIa 03 - 2 Si 0 r 

HaO 

In CT., yields water. 

131 

1.434 

FLUORITE 

CaF2 

In CT„ dacrapititas and phosphorasces. Decomposed by 
H2OS4 with liberation or HF. 

132 

1.649 

MOSANDRTTE 

CaO- CoaOi) ■ TiO-^'SiOj, 
ct-c 

NaFB(Si 03 ) 2 -FaSi 03 

Treated with IICI and heated, it yields chlorine. 

133 

1.69± 

CROCIDOLITE 

B.B., (uses to a black magnetic mass. Fibrous like osbostos. 

134 

1.675 

USEEARDITE 

(Al,Fe)As 04 * 

2(Al,Fe)(OH),v 

5 H 2 O 


135 

1.695 

TARNOWITZITE 

(Ca,Pb) 0 -C 02 

Aragonite containing lead. 

136 


BELDONGRITE 

6Mn206-rB203’8H20 

Lodiu like lead. 
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NAME 

COMPOSITION 

REMARKS 

137 


LECROIXITE 

2(Na,F.OH)* 

2 (Mii,Ca) 0 -Ai 203 * 

PaOi-HjO 


138 

1.663 

SEAMANITE 

3Mna(B,P)A- 

3HiO 

Ns.r!i.riir,fPo;i,.n- 

5H/) 

Crystals striated. Close to reddingite. 

139 


SAMPLEITE 

BJl., a black glass aud green flame. 

140 

1.636 

JOHNSTllUPITE 

Na 20 -(Ti,Zr) 02 - 
3Ga0rj«i02- 
Ge(F, 01-1)3 


141 

1.72rt: 

ANKERITE 

2CiC03M{C0,- 

FiCDj 

B.B., on coal becames magnetic. 

142 

1.84 

DUFRENITE 

FePOrFe(OH )3 

In C.T., gives water. 

143 

\.V±^ 

SCOliODITE 

F 1 ASO 42 H 20 

In CT., yields neutral water and turns yellow. Colors flame 
blue. 

144 

1.625 

PARAHOPEITE 

3Zn0P20f4H20 

Crystal.s' are deeply striated. 


1.675 

LUDLAMITE 

2 Fe 3 (P 04 ).. 

B.B.| colors the flame green and kiaves a black residue. 

14C 

1.05 

aZAlBELYITE 

10M|^'411oQ3.3U20 

B.B., splits open, glows, fuses to a horn-like, brownish gray 
mass. 

147 

1.614 

PHQSPHO- 

PHYLLITE 

3(Zn,Fc,Mii)0- 

PA-4U.0 


14.S 

1.565 

riNNOITK 

MkOBsOs'SHsO 

Fuses to a dense, white mass. 

14<) 

1.644 

FAIRFIELDITE 

Ca-tMn (P 04 ) 2 ' 2 H 20 

In C.T., gives 1120 ; turns yellow then brown; becomes 
magnetic. 

im 

1.85 

TIUEUITE 

2CoA'OuOC>H«0 

Differs frnm hiderogenito in containing no CoO. 

151 


vp;rnai)skite 

2GilS04'Gu(OH)2- 

4iri:0 

An alteration of ilolerophanite at Vesuvius. 

152 


MINDIGITE 

9Co20:;-2CuO-16H20 

5^ 

1 

1 

1 

153 

1.622 

ARAKA WAITE 

4Cu0-2Zn0P205- 

6iII-.0 


154 

1.733 

HEMATOLITE 

(Al.Mn)As 04 - 

4Mn(OH)o 

B.B., becomes first black then brown. 

155 

1.624 

SZOMOLNOKITE 

FtvS 04 'H 20 

Possibly identical with ferropallidite. 

156 

1.838 

LIME 

CaO 


157 

1.62 

CHIIRCHITE 

SCaO'SCcoOs'GPaOs' 

24 H 2 O 

Ill C.T., yields acid water and becomes opaque. 

158 

1.653 

MI^SSELITE 

4Ca0-2(Fe,Mg)0- 

2r20r,5H20 

Oceiii’s in indistinct, minute, tabular, crystals and stellar 
aggnsgations. 

159 

1.655 

REDDINGITE 

Mn3(1^4)2-3H20 

In ( '.T., whitens and turn.s yellow then brown. 

160 


RAIMONDITE 

2FeA'3SQ:r7H20 

Ifi C.T., yields water 

161 

1.B17 

JAROSITE 

K20-3Fe203<4S03' 

6 H 2 O 


162 

1.638 

LEPIDOMELANE 

(H,K)20.3Fe0- 

2(FB,AI)203-5Si02 

A mica. The acid solution doposits scales of silica. 

16.3 

1.57± 

HISINGERITE 

flvdrated ferric silicate 

Fuses to a black magnetic slag. In O.T., yields water. 

164 

1.413 

PAOHNOLITE 

NaF,CaF2,AlF3H20 

Reacts fur fluorine. 

165 

1.832 

NATRaiAROSITE 

Na20'3FeA'4S03- 

6 H 2 O 


166 

1.662 

CAHNITE 

4Ca0*B2Q3'Aa205* 

4 H 2 O 

In C.T., yields water and becomes opaque but does not fuse. 
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B 

BP. OH. 

P 

BCL 





FBACTUU: 

I 

167 

3 

3.27 



Bluish white 



None 


M 

IN 

3 

3.4-3.3 

2.5-3 

Depd 

Bronza-yallow 

Golden 

Sm.P 

Perl 

Brittli 

0 

109 

3 

3.03 

5 

Sol 

Grayish brown 


VtoP 

Perf 

Uneven 

0 

170 

3 

3.4^.1 



Gray-black 


Bronze 




171 

3 

3.17 

Easy 

Dcpd 

Dark green 

Green 

P 

Perf 

Flexible 

M 

172 

3 

3.03 

5 

Sol 

Grayish brown 


VtoP 

Perf 

Uneven 

0 

173 

3 

3.17 



Brownj black 



Good 


M 

174 

3 

3.14 

Easy 

Sol 

White 



Perf 


M 

175 

3 

3.3 

Dcpd 




Trace 


M 

176 

2.5-3 

3^2^ 

2-2.5 

Ptsol 

Drwn, ylw, gray, 


P 

Perf 

Flexible 

M 






violet 






177 

2.5-3 

3.1-2.7 

6 


Brown, bik, grn 

Uncslored 

P, V, 5m 

Perf 


M 

17B 

2.5-3 

3.01-3.0 

4 

Sol 

Apple-green 

Grnsh w! I 

Perf 

Uneven 

M 

179 

2.5^ 

3.1 

3? 

Sol 

Carmine 

Rdsh wht 

s 

Perf 


M 

180 

2 ^ 

3.14 

3 

Sol 

Drk gm, bluish 


V 

Perf 

Conch 

R 

181 

2-3 

3.3 



Lemon-yellow 





0 

182 

2.5 

3.19-3.15 

3 

Golat 

Br^m, green 

Paler 

p 

Fnrf 

Sul)conch 

M 

183 

2.5 

3.13 

3.5 

Sol 

Emerald to bluish 

Light grn 

V. P 

Porf 

firittlo 

M 






green 






184 

2.5 

3.09 

4-6 


Grayish wbt 


D, S, ll 




185 

2.5 

3.0-2.95 

2 

Ins 

Wht, rdsh, brwnsh 


VtoG 

Perf 

Uneven 

M 

186 

2.5 

3.0-2.9 

1.5-2 

Sol 

Grn, brwii, yl>fcah 

Same, paler 

A to G 

Imperf 

Uneven 

I 

187 

2.5 

3.27^.03 

Inf 

Sol 

Wht, bronze, blk 


P 

Perf 

Flexible 

H 

188 

2.5 

3.38 


Sol 

Ylw.sh grn 

Black 




07 

180 

2-2.5 

3.19-3.05 

3 

Sol 

Yellow 

Yellowish 

P. Sa 

Good 

Brittle 

0 

190 

2-2.5 

3J3 

3 

Sol in 

Green 


P 

Perf 

Uneven 

T 




^5 

HNOa 







1B1 

2-2.5 

3.0-2.76 


Ins 

Grn, brwn, ylw, 

Uncolored 

V. P, S 

Good 

Flexible 

M 






colorless, etc 






192 

2-2.5 

3.19 

Inf 

Sol 

Green 

Paler 

V 



M 

193 

2-2.5 

3.24-2.47 


Sol 

Pale to deep gm 


p 

Good 


M 

194 

2 

3.11-2.96 

Inf 

Sol 

Apple-green 


p.s 

Porf 


M 

195 

2 

3.3 



Sulfur-yellow 





196 

2 

3.0-2.93 

1.5 


Colorless, wht, 


VtoP 

Perf 

Uneven 

M 






rdsh, brwn 
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COMPOSITION 

REMARKS 

167 

1.648 

LOSEYITE 

7(Mii,Zn,Mg)0'2C0i- 

SHsO 

Small lath-like crystals; radiating bundles. 

161 

1.705 

ASTROPHYLLITE 

Si,TI,AI,FtAMi, 

M|.Ci,Na,K 

Ii C.T., twslU up nd (ISM ti 1 biHk miinalii mml. 

1C9 

1.522 

BETA HOPEITE 

3ZnO-PiOf4H/) 

Flugr to a clear colorless globule; tinges flame green. 

170 


BOODTITE 

SCojQiCuO'KejQj' 

liH^ 

Occurs in friable masses. 

171 

1.649 

DAPHNITE 

3I<'fiO'AI^-2SiOz- 

3 H 2 O 

B.B., becomes black; does not exfoliate; fuses to a steel-gray 
globule. 

172 

1.501 

ALPHA HOPEITE 

3Zn0'P205'4H20 

Fuiiies to a colorle&s globule; tinges flame green. 

173 

1.68 

ANNITE 

K/)AlA- 6 FeO- 

6 Si 02 ‘ 2 H ‘20 

Mica group. Near Icpidomelane. 

174 

1.602 

SPENCEHITE 

4Za0'F20s'4Hi0 


175 

1.625 

PROTO- 

LITHIONITE 

K^Li:0'2AIX))- 

3FeO-6Si0r2U!O 

A member of the mica group. 

176 

1.578 

ZINNWALDITE 

K 2 O'Li 2 O' 2 F 0 O‘F 2 * 
2 Al 20 a‘ 6 Si 02 ‘ n 20 

In C.T., gives off water and reacts for fluorine. 

177 

1.64d= 

BIOTITE 

(K,H),0-2(M|,Fi)0- 

(AI|F6)203'3Si02 

One of the common micas. Depd by H 2 SO 4 . 

17B 

1.65B 

ANNAIERGITE 

3Ni0As20r.BH20 

B.B., on coal, gives As fumes and a melalllc button. 

17fl 

1.683 

KOETTIGITE 

ZdO- AS205-8H20 

In CT.. gives much water. 

180 

1.694 

SPANGOLITE 

AIClO-eCuO'SQs- 

9 H 2 O 

On ctial in K.l'., gives a globule of copper. 

181 


SALEITE 

M|!0'UQ,PA'8H:0 

Magnesium analogue of autunite. 

182 

l.l)6± 

THURINGITE 

8FB04fAl,FB)i!Q3- 

OSiOn-OHsO 

Fuses to a black magnetic globule. 

183 

1.649 

HERRENGRUND- 

ITE 

3CuO-2SQs-6H20 

On coal, looses its green color and becomes black. 

184 


FORBESITE 

(Oo.Ni) 2 H 2 (A.sO<)r 

blW 

In C.T., yields water and becomes darker. 

IBS 

1.339 

CRYOLITE 

SNaFAIFs 

Troatad with H^SOi and healed, it yields HF which atchas 
glass. 

186 

1.68± 

PHARMACX). 

RIDERITE 

3FeA804'Fe(0H)3* 

6 H 2 O 

In C.T., yields neutral water and turns yellow. 

187 

1.723 

PYROCHROITE 

Mn(OH )2 

In C.T., becomes verdigris green, then dirty green, then brown- 
ish black. 

188 

1.72 

SUARPITE 

BUOjSCXDoSlIaO 

Effervesces in HCl. 

189 

1.575 

AUTUNITE 

Ca 0 - 2 U 03 PA 8 Ho 0 

In C.T., yields water. 

100 

1.643 

ZEUNERITE 

Cu 0 * 2 U 0 ;rA 820 &* 

8 H 2 O 

On coal, yields As fumes and with soda a globule of 
metallic Cu. 

191 


MUSCOVITE 

KjO SAIsOa BSiOr 
2 H 2 O 

One Of the common micas. 

192 

1.595 

JOHANNITE 

Hydrated aulfate of 
uranium and nopper 

In C.T., gives off HjO and SO 2 and becomes brown and then 
black. 

193 

1.625 

NEPOUITE 

3(Ni,MgJ0-2Si02- 

3 H 2 O 

B.B., in C.T., yields water and blackens. 

194 

1.654 

CABRERITE 

(Ni,Mg) 3 (As 04 ) 2 * 

8 H 2 O 

In G.T., yields water and becomes grayish yellow. 

195 


FERGANITE 

Ua(V 04 )r 6 H 20 


106 

1.414 

THOMSENOLITE 

NaF-CaF 2 AlFd-H 20 

Fuses to a clear glass. Decomposed by 
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name 

C'OMPOSITIOM 

HKMApgfi 

197 

1.728 

UNDESITE 

20MnO-3FeA'8F2Oi 

27 H 3 O 


193 


DUNDASITE 

PbO-Al!0,-2CO,-4HsQ 


199 

1.689 

BRCJNSVIGITE 

6SiOr3AlA-9MgO- 

SHsO 


200 

1.595 

SZMIKITE 

M 11 SO 4 H 2 O 


201 

1.736 

TYROUTE 

5CuOAaiOii-9HiO 

In C.T., decrepitates; yields much water. Soluble in NH 4 OH. 

209 

1.66 

STRIGOVITE 

2FeO(Fe,AI)A- 

23i0!-2H20 

In C.T., gives much water. 

203 

1.612 ' 

APimOSIDERITE 

G(Fe,Mg)0* 

2(Al.Fe)A-4Si08- 

5 H 2 O 


204 

1.627 

TROEGERITE 

SUOi-AstOs-UHiO 


20^9 


VALLERIITE 

CuiFe-iSi 

Ignites and bums. A metallic mineral having the appearance 
of pyrrhotito. 

206 

1,707 

GENEVITE 

GaOMgO-FiO- 

(Fe,Al)A.Si02 

Possibly the same os vesuvianite. 

207 

1.748 

FRIERINITE 

6 (Cu, 0 a) 0 -. 3 Na 5 O- 
2As.X) 6 (illjO 

Fuses with iu tumescence. 

208 

1.642 

JAUxNITE 

100aO-4MgO-Al8Oa- 

lkSiO2'411i0 

Fuses to a translucent bead. 

209 


NEOPURPURITE 

7CFc,Mii),03-5PA’ 

4HsO 

An alteration product of lithiopbilite. 

210 

1.701 

TINZENITE 

Al203 Mn20g.2Ca0- 
4Si02 

Has a columnar structure. 

211 

1..674 

BASSETITE 

CaO 2UO.vPA-8HaO 


212 


EASTONITE 

H.iK«Mgi)Al4Sii602i 

A mica related to biotite. 

213 

1.050 

PALAITE 

5Mn0-2P20b-4H20 

From alteration of lithiopbilite and alters to hureaulite. 

214 


ELLESTADITE 

Ca0,SQ3,Si02,PA, 

C02,C1,F 

A sulfato-apatite with p20.^ almost entirely replaced by A 
and SiOs, 

215 

1.654 

GLINOENSTATITE 

MgO-SiOa 

One of the pyroxenes. 

210 


FElllUZITE 

3(Ba,Pb)0-2PA- 

8H.0 


217 


FERRI- 

SICIOERITE 

12(Mn,LU)0-5FeA- 

9PA 


218 

1.755 

SITRSASSITE 

5Mn0.2AIA-5.Si02- 

3 H 2 O 

lA manganese epidotc. 

219 


META 

GREENALITE 

9Fe0.F«A'8Si02‘ 

8 H 2 O 


220 

1.572 

NITROBAUITE 

llaONA 

Soluble in water. 

221 

1.572 

MANGANO- 

LANGBEINITE 

2Mn0K20-3S03 

From Vesuvius: 

222 

1.667 

BIDALOTITE 

Fe,Al,MK silicate 

A pyroxene. Occurs in small grains and plates. 

223 


MANGAN- 

APATITE 

9{Ca,Mn)0.3PA 

Ca(On,F)2 

See apatite. 

224 

1.664 

SERANDITE 

(Mn,Ca,K,Na)Si- 

(0,011)3 


225 

1.623 

MERRILLITE 

Na20-3(.^a0.PA 

Found only in meteorites. 

226 


PSEUDOPAUITE 

6(Ma,Fo)0.2PA 

5 H 2 O 

Slightly different from paloite. 

227 


CHROMITITE 

FeCA 
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BABABUDANITE 

2Na2pe]Si40i:' 

5(Mg,Fe,H2,Ca)SiOi 

Oocurs in acicolBr crystals. A soda amphibole related to 
riobeckite. 

229 

1.64 

BOEHMITE 

AIO(OH) 

Dimorphous with diaspore. 


1.G32 

MAGNOPHORITE 

CB,Na,K,MgjFejTi, 

Mn,Si.AI.TiAOH,F 


231 

1.625 

WADEITE 

K2CaZrSi40i2 


232 

2,16 

BUKEITE 

Fe,To compound 


2:{3 

lEtiBH 

WEINSCHENKITE 

(Y,Er)20,-P20fi-4H20 
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NAME 

COMPOSITION 

REMARKS 

"1 

1.654 

PHENSCITE 


B.B., with soda, gives a white enamel. 

2 

1.5BB 

BERYL 

IBaO-AltOj-RSiOi 

B.B., clear varieties bocomemiiJky and cloudy. 

3 

1.559 

ARMENITE 

Hajr-aaAlRSisOKft' 

21120 


4 

1.64± 

TOURMALINE 

BorosilicatB of K. 
Li.MK,Fe and A1 

With KHSO 4 and CaF,, gives strong reaction for heron. 

5 

1.833 

DANBURITE 

Ca 0 ‘B 203 - 2 SI 02 

In O.F., colors flame green. Phosphoresces. 

6 

1.562=b 

lOLITE 

(Confierite) 

4(MB.Fe)Q-4Al2a3- 

10 Si 02 -H 20 

Decomposed by fusion with elkali carbonates. 

7 

1.596 

ZUNYITE 

Al^Oif 5102* 
AirOH.F.CDs 

In C.I., yields acid water. 

8 

1.667 

BORACITE 

MiCLeMtO-BRsOi 

Fuses with intumescence to a white pearl, colors flame green 

9 

1.609 

NARSARSUKITE 

Tit’.anii.silipate of 
Na,Fo,F,etc 

H.B., fii3c.s to a yellow blobby mass. 

10 

1.543 

OLIGOCLASE 

(Nai,Ca) 0 Al 203 - 

SSiOi 

One el the leldspars. 

11 

1.518 

POLLUCITE 

(NiXsIiOAIiOs- 

SSiOrH.O 

In C.T., becomes opaque and yields H 2 O at high temperatures. 

12 


BAZZITB 

Silicate of Sc, etc 

Bil., i)ecnmeH dark and opac]Uc. 

13 

1.583 

XONOTLITE 

5Ca0-5S'.02'H20 

'Phe HCl solution 8D|)urate.s flaky silica. 

14 

1.625 

PREHNITE 

2Ca0 Al20a 3Si0<r 
H 2 O 

Brittle. In C.T., yields water. 

15 

1.545 

HYALOPHANE 

(K!.Ba)0-2Alj0,- 

8 S 1 O 2 

Brittle. B.B., yields a blobby mass. 

16 

1.584 

ANORTHITE 

Ca 0 <Al 203 ‘ 2 Si 02 

Brittle. B.B., a celerless glass. 

17 


SCAPOLITE 

A tetraeonal group 
of Ca,NB,AI,Si 02 


18 

1.62 

TURfiUOIS 

CuO SAbOa ^PoOa* 
9 H 2 O 

In C.T., decrepitates, yields water and turns brown or black. 

19 

1.592 

CATAl’LEIITE 

(Na2,Ca)0-ZiO2‘ 

3Si02-2H20 

Brittle. In C.T., yields water. 

20 

1.62d= 

vSARCOLlTE 

3Ca0AU03-3Si0s- 
and Na 

B.B., gives a white enamel. 

21 

1.559 

ANEMOUSITE 

Na202CaO*3AlA* 

PSiOo 

One of the feldspar group. 

22 

1.549 

CHKAIOVITE 

Na2Rc(SiO;i)z 

U.B., a clear Ix^ad. Semitransparent. From Kola peninsula. 

23 

1.572 

BYTOVTOITE 

Al)An4 

Feld.spar group. 

24 

1.642 

FERRIPREHNITE 

2CaOfAl,FB)203- 

3.SiOoH20 

Like prohnite. 

25 

1.691 

GEFILENITE 

3CaO* Ala03*2Si0*» 

B.B., fuses slowly with borax to a glass colored by iron. 

26 

1.558 

BERYLLONITE 

NBBe( 1 ^ 04 ) 

Brittle. ( k)lors flame yellow with green streaks on lower edge. 

27 

1.607 

MEIONITE 

4Ca03Al203 65103 

Brittle. A scapolite. 

2B 

\ 

U63 

LABORADORITE 

(Ca,Na 2)0 AIzOa- 
3510, 

Often a beautiful play of cofurs on the cleevage ptane. 
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HliMARITB 

29 

U95 

CUSPIDINE 

3CaO'GaFr2SiOs 

Brittle. From Vesuvius. 


1.567 

WERNERITE 

Ca,AI silicata 

BrllUi. A scapalilB. 

1 

1.70 

AMPHIBOLE 

R"0.Si0:Ri"'0r 

2Si0:.(Nl:.K3,Hi)0 

B.B, virin with iilfimt ninhirt of flu inup. 


1.553 

AN0E5INE 

(Na,,Ci]0 AbO,- 
ASiO: 

One of the feldspars. 

33 

.1.585 

IIAVENITE 

]ieO-40aO-AL.O3' 

ySiCb'HsO 

A zeolite. 

34 

1.647 

AMINOFFITE 

Ca]4BeiAl3Si£40a4 

(OH), -1211.0 


35 

1.598 

MlLLiaiTli; 

2 Ca 0 Na 20 - 6 AlA- 

4P20!,17H20 


30 


WELDTTE 

SiOz of A1 aiidNa 


37 

1.510 

HILLFJIRANDITE 

2 Ca(>Si 0 -.ll 20 

D.B., gives a colorless glass bead and calcium flame. 

38 

1.616 

LEIJIITE 

50aONi20-4I’A- 

4Al20;rl2H20 

B.B., a greenish-gray glass; with HaSOi, Aame is bluish-green. 

39 


WAGNEIUTE 

Mga {PU 4 ) 2 “M gF a 

40 


HARBORTITE 

GAIA^PA-niliO 


41 

1.654 

DATOLITE 

2Ca0-B:0,-2SI0r 

H.i 0 

1 

In C.T., yields much water. 

41! 

1.628 

CAIIPHOLITE 

MnO-AlA-ySiOr 

21120 

In C.T., gives acid water. 

43 

1.506 

EUDL 4 I 2 YTE 

NasOCejOjFeO- 

MnO'ZrzOs'SiOa 

Brittle. Reacts for zirconium. 

44 

1.636 

SCHIZOUTE 

Na 20 - 4 (Ca,Mn) 0 - 

(iSiOsH,0 


45 

1.5Z± 

GLASS 

riBsO-CsO-OSiOa-H 

F>,K,Ba,B,Pb,itc 

Not a mineral but often mistekon for one. Very common. 

46 

2.06± 

LIMONITE 

HFtOrnHjO 

Usually In staiactitic, bolryoidal or mammillary form. 

47 

1.378 

SELLMTE 

MgKn 

Treatfld with H 2 SO 4 , it yields HF and etches the glass. 

4B 

1.616 

TREMQLITE 

2Ca0'SMc0BSi02- 

H 2 O 

One of the amphiboles. 

49 

1.G32 

MELILITE 

NajOUC(’a,Mg)0- 

2(AI,Fe)A'9SiO!! 

Fu.ses to a greenish or yellowish glass. 

50 

1.612 

HERDERITE 

Ca0-2Bc0P20v 

Oal,F,OH)j 

B.D., phosphoresces with an orange Ugbt 

51 

1.674 

3PODIOSITE 

Caa(PO.i)t!'CaF2 

Brittle. Fuses to a white enamel. 

52 

1.604 

PECTOLITE 

Na.O 4Ca0-tSi0r 
H:0 

In C.T., gives Hi>0. Often gives light when broken in tho 
dark. 

53 

1.605 

CiRODNOUTE 

8Ca0-2P50s-C02- 

H! 0 -fiH 4 AljSijO, 

Probably identical with oollophanite. CoUqphanite group. 

54 

1.580 

COERULEO- 

lACTITE 

SAIsOs'SPjOi' 

lOHsO 

Fibrous crusts. « 

55 

1.622 

IWIK)- 

WAVELLITE 

SCaO-HAbOi-IFiOs- 

I 8 H 2 O 


56 

1.630 

DELTAITE 

8 Ca 0 - 5 Alrf)j- 4 P 20 i- 

14H^ 
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SJ’. GR. 


IIGL 


COLOR 


STREAK 


LUSTER 


CLEAV- 

AOK 


FRACTURE 


SYS- 

TEM 


575 

58 


595 


64 5? 

654.5-5 

06 4.5-5 
674r5 
68 4.5 

09 4.5 

7(14.5 . 

4.5 


4.5 

4.5 

4.5 

4.5 

4-4.5 


77 

784 

79 

80 

81 

82|4 


64 


3.5-4.5 


85 3.75 
863.75 


2.70 

2.91 

2.96 

2.71 
2.71 

12.79 

.87 

2.92 

2.9-2.B 

|2.77 

2.71 


2.71-2.69 

2.85 

73 

2.92 

2.9-2.7 

2.88 

2.95 

2.84 

2.90 

m-2m 

2.88 

|2.0S-2.(il 

2.09 

|2.94 

|2.75 

3.08-2.99 

2.76 

[2.87 


Inf 

iDilT 


\n sol 
Gulat 


riiff 

llnf 


fns 

Ptaol 

|8ol 

Dcpd 

iGelat 

Ins 


Gelat 


Inf 

Inf 

Fua 

Easy 

Easy 

3 

3 

|2.r)-3 


Sol 


Sol 


Ins 

Gelat 

Ins 

Dcpd 


Fu.s 

Easy 

|2 

Diff 

|2.5^ 

l2.,5-3 


Sol 

Ins 

ISoI 

Ptsil 

|Sol 

ISol 


Uolorleas, pale red 
Greenish-gray 

White, greenish-gray 

Colorless, clear 
Clear, colorleas 

Light apple green 
Light grn, bluish 
green, colorless 
Light brown 
White, gray, red, 
yellow, brown 
Colorless 
Dark gray • 

Colorless, w'hite, 
grayish 

White, gray, pink 

(,'olorless 

Pink 

Brown 

White 

Colorless to pale red 
(■olorless, white 
Brown 

Green to pale yellow 
Beddish brown 
Yellow huff 
iBlack 


W’ino red, white 
White 

Gray, rdsh, pink, 
white, yellowish 

Pinkish rod 

iPinkJsh red 


IWhite 

White 


P 

G to V 


Perf 

Ci(M>d 


Brittle 


V 


V, P 

V 

V 

V 


Pale ylw or 
grayi.sh brwn 


Yellowish white 


V 

V 

V.IMi 


P,V 


Perf 

(iuOll 

I’orf 

Perf 

Poor 

Perf 

I’firf 

l^’air 

Dist 

Perf 

'i‘j*f 

air 

Perf 


Even 

Uneven 


Uneven 

Bub(;onrh to 
uneven 
I Fibrous 

t.Vmch 


Ciooil 

Perf 

Perf 

l-*crf 

Dist 

l)i.st 


Conch 


Perf 


r 

M 

M 

0 

M? 


M? 

M 


Perf 

iPerf 

Poor 


iFibroiis 

Brittle 


M? 
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57 

1.576 

AUGELITE 

2AlsO,'PsOa-3HjO 

In G.T., yields water. 

5S 

I.S90 

CUSTERITE 

3CaO'CaFi-2SiOi- 

HjO 

in C.T.i phosphoresces with a yellow light. 

59 

1.60 

CEBOLLITE 

5 (Ca.M|?) 0 -Al 203 - 

3Si02-2H.20 

In C.T., gives water. In fibrous aggregates. 

60 

1.636 

IIILGARDITE 

Cai(K,Oii)aOl4'4llaO 

In G.T., gives acid water. B.B. on coal, a white globule. 

01 

1.636 

PARAHIirrAIlDITE 

2!Ca*(IlAi)iai- 

4 II 3 O 

Very close to hilgordito. 

62 

l.63± 

MARTPaSITE 

Ghrumiferous mica 

A member of the mica group. 

()3 

1.590 . 

WARDITE 

(SOUMANSITE) 

2 NajOUO- 6 Al 2 ft,- 

lI’A-niljO 

B.B., swells up and colors flame intensely yellow. 

64 

1.660 

KOWEITE 

lIiiMnGa(B ();,)2 

Brittle. Lath'likc crystals. B.B., a black gla.ss; green flame. 

65 

1.632 

WOLLASTONITE 

CaSiOs 

Brittle. B.B.. with soda, a blebby mass, with more swells and 
is infusible. 

66 

1.606 

SCAWTITE 

40a0-3.Si02-2002 

With ilC'l, it effervesce!? leaving a gelatinous residue. 

67 

1.501 

DIDYMOLITE 

2Ga03AlA-9Si02 

B.B., gives a white siag. 

68 

1.503 

PROaOPITE 

CaF.r2Al.,(OH.F)i 

Brittle. In C.T., yields H 2 O and SiF^. Soluble in H:^) 4 . 

69 

1.549 

EDINGTONITE 

BaOaAloOa-SSiOr 

aifaO 

B.B.. yields water aiirl becomes opaqua ' 

70 

1 . 6(11 

DENNISONITE 

0CaOAIt.Oa-2PA- 

.511.0 


71 

1.590 

IlULK)NTi:iNlTE 

:.’a»SiOr(OH,F)4 

In C.T., a little H 2 O. B.B., the needles become white and 
cnamel-liko. 

72 

1.6.39 

HOSCHERITE 

2FeO-3MnO-3(^aO' 

2Al20;r4p205-lUHo0 


73 

1.64 

B.\KERITE 

8i.:aO-5B..OrG8iOr 

6 H 2 O 

Fuses to a white transparent bead coloring flame grticn. 

74 


VALLEJTE 

(Fe,M?,Mn,C.a,K,)0- 

SiOa 

Fuses to a white opaque bead. 

75 

1.561 

JEZEKITE 

CaO-Al 203 - 2 (Na,Li)F- 

P 20 y 2 (Na,Li)( 0 H) 

Resembles mica. Reacts for Mn. 

76 

1.603 

GANOPIIYLLITE 

7Mn0Al20.r8Si02- 

6 II 2 O 

77 

1.595 

LI'llK^OPHANlTE 

NaFCa0B20.r2Si02 

Brittle. In (M\, whitens and phosphoresces with a bluish 
light. 

78 

1.649 

MaSANDHITE 

(JaO* (Ti,Si) 02 ' 
Zr,Ce,Na,ol<;. 

Treated with IK'l, and heated, it gives off chlorine. 

79 

1.66 

SALMONSITE 

Fe2G:r9Mn0-4P20y 

HlfiO 


80 


BONESDORFFITE 

K2(Mg,Fe)tAl8(Si02)7 

■THoO 


81 

1.488 

VANTHOFFITE 

3Na-.0MR(.V4SO3 

Soluble in Wider. 

82 

1.562 

MORINITE 

3Al203’2Na2a4P205- 

6(;aF2-18Il20 

In (M., yields acid water that etches the glass. 

83 

1.576 

JURUPAITE 

7Ca0‘Mg0-8Si0.r 

4 H 2 O 

Fitters are .soft and silky without brittleness but acrosw them 
the hardness is 4. From Crestmore quarries. 

84 

1.643 

MARGARITE 

Ca 0 ' 2 Al 203 - 2 Si 02 ‘ 

HsO 

4FeI»0r7H20 

In C.T., yields water. 

85 

1.725 

PHOSPHa 

SIUERITE 

Gives off water and kMsome.*! opaque. Fuses to a black mag- 
netic bead. 

_86 

1.72± 

STRENGITE 


B.B.. a .(>hiny black bead, ('olors flame bluish-ip'eeni 
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INDEX 

OF REF. 

NAME 

COMPOSITION 

REMARKS 

m 

i.72d= 

ANHERITE 

2 CaC 03 MKC 0 a- 

FeCOa 

CaCOs 

On coaL becomes dark and magnetic. 

1 


ARAGONITE 

Brittle. B.B.P whitens and falls to pieces. The powdered 
mineral boiled with cobalt nitrate solution turns violeL 

89 

U49 

CHIOLITE 

5Nar-3AlFa 

In O.T., gives acid water and HF. Soluble in H 2 SO 4 . 

90 

1.611 

DOLOMITE 

CaCOj M|G0j 

Brittle. Acted on only slowly by HCI in the cold. 

91 

1.572 

ALUNITE 

K303Al203-4SQg- 

6 H 2 O 

Brittle. Soluble In H 2 SO 4 . In C.T., yields water. 

92 

i.m± 

NEOTOCITE 

(Mii,Fc)0-Si02-.H20 

In C.T., yiolils much water. 

93 

1.533 

UNGBEINITE 

KjOMgO-SSOj 

l)issol\ros slowly in water. 

94 

1.64 

PICITE 

3FBjO3-2PiOj-10njO 


95 

1.598 

MANGANO- 

PHYLLITE 

KjO-6(Mg,Mn)0- 

(Al,FB,Mn)iiQ 3 - 

eSiOrZHiO 

A member of the mica group. 

96 

1.G02 

VOLTAITE 

15H!!0-2(AU?d)jQs- 

5(Mg,Fc)O-10SiOs 

Difficultly soluble in water. 

97 

1.57 

SIITLKINITE 

KaO-4AljOa-8SiO»- 

4HjO 


SB 

1.555 

LEPIDOLITE 

(K,Li)j 0 -Al 203 - 
SSiOj with F 

In B.T., gives water and reacts for fluorlna. A mica. 

99 

1.73± 

STILPNOMELANE 

SiOl! of Fe,Mg,Al 

In C.T.| much water. Fuses to a black shining magnetic 
globule. 

100 

1.725 

BERMANITE 

Ma,Fe,MgJ’A 

Occurs in minute tabular crystals. B.B., on coal, fimt swells 
and separates into scalc.^ then fuses into a globule. 

101 

1.G14 

MONETITE 

CiilIPO. 

Brittle. In C.T., gives water. 

102 

1.348 

WKBERITE 

NajMgAlF'y 

Small graims in cryolite. 

}m 

l,64=h 

BOIUCKITE 

Hydrated Ca and Fe 
phosphate. 

In C.T., yields water. 

104 


CALAFATITE 

AlsCSOHa-KsSOi' 

AKOIDs-HjO 


105 

1.328 

VILLIAUMITE 

NaF 

Soluble in water. 

100 


FLDOBORITE 

6MgOn»Oj-3(njO,Fs) 

Soluble in lI>jS04. 

107 

1.575 

LliUCIITEN^ 

BERGITE 

12MgO-3AIA- 

TSiOjlOHsO 

Resembles talc. Soluble in H 2 S 04 . 

IDS 

1.613 

ANAPIXTE 

2CaOFeOPiOs- 

4 H 2 O 


109 

1.642 

COLLINSITE 

2CaO-(Mg,Fe)(> 

PA-SJHiO 


no 

k 

1.478 

CKEEDITE 

CaO-2AI(F,OH)y 

2CaFjSCIs-2H20 


111 

1.695 

KEMPITE 

MnCl!-3Mn0r3Il20 

Treated with HGl, it yields chlorine. 

112 


.ICRUGITE 

KjSO,-4CaSOr 

MgS 04 - 2 Il 30 

Partly soluble in cold water and partly in hot water. 

113 

1.594 

ASTROLITE 

(Na,K)20'(Al,Fo)A- 

FeOiSiOjUsO 

B.B., fuses a gi'ay enamel. 

114 

1.575 

ANHYDRITE 

CiSO. 

On coal with soda, It reduces to 1 sulfide. 

115 


VIRIDITE 

4FDO-2SiOr3tl20 

An iron chlorite. 

116 

1.64+ 

CARYOPILITE 

4MiiO'3SIOr3UiO 

Reacts for manganese. 

117 

1.487 

APJiTHITAHTE 

(Na,K)j.S 04 

Soluble in water. Tastes bitter. 
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OF KEF. 

NAME 

COMPOSITION 

REMARKS 

m 

1.59+ 

ZAIIATITE 

NiG03*2Ni(011)2- 

4 II 2 O 

In C.T., yields H 2 O and CXlic and leaves a grayish-black mag- 
netic mass. 

119 

1.582 

HYDROBIOTITE 

ZKjO'lOMiiO'SAIA' 

12fii0:-6H:0 

A member of the mica group. 

120 

1.57 + 

IlISINGERITE 

Hydrateil feiric 
silicate 

In C.T., yields 11^*0. B.B., fuses tn a black magnetic slag. 

121 

1.587 

LEIGHTONITE 

CuO-aCaO-KjO- 

4S03'2H.j0 

Slender laths and blades. bVom Chile. 

122 

1.413 

PACHNOLITE 

NaF-CaFn-AlI^-HsO 

Reacts for fluorine. 

123 

1.000 

MAGNESIO- 

SUSSEXITE 

2(M«,Mii)0-D2Q3- 

HjO 

(■ 

124 

1.721 

CALCITE 

CaCOs 

Claar crystals (Iceland spar) are strongly doubly refradivo. 

125 

L609 

PLUMBOC^ALCITE 

(Ca,Pb)0-COs 

Caldte in which lead replac&s a portion of the calcium. 

120 

1.56ri 

ZEOPIIYLLITE 

3CaO*CaF2'3SiOi!' 

IloO 

A zeolite. 

127 

1.594 

ALURGITE 

6(H,K)20* 

2fMg,Mn)0*3AlA- 

]2Si02 

Similar in cleavago to mica. 

128 

1.547 

FLUOBORITE 

OMgO-BA- 

3(F.>.n20) 


129 

1.74 

VIUTEITE 

MnsOj-PsOs-fflitO? 


130 

1 . 6 BS 

ROSCOELITE 

4Hi0-2K:0- 

2(M(,Fi)0.2Al20r 

SVsOrlllSiOa 

B.fi., fuses to a black glass. 

131 

1.555 

LEPIDOLITE 

(Li,K)20Al20a- 
3SiO:- will) F 

In C.T., gives water and reacts for Huorine. 

132 

1..578 

ZINNWALDITE 

(K,Ii)!0-2FeOF2- 

2AlA-*iRi02-H20 

In C. T., give-i^ water and reacts for fluorine. 

133 

1.64d: 

BIOTITE 

(H,K)20-2(ME.Fa)0- 

(ALFOsOj-asiO. 

One of the common micas. Black mica. Decomposed by 
H 2 SO 4 . 

134 

1.60 

PAIUOONITE 

Na!0-3.yA'3Si0s- 

2 H 3 O 

One of the mica.s. 

13.J 

]m± 

IIOPEITB 

ZB3(PO.i)rnsO 

Brittle. Ill C.T .2 give.s off water. 

130 

1.339 

CRYO- 

LITHIONITE 

3NaF-3IiF-2Air,- 

2KaO-10(Mg,Fe)Q 

In C.T., decrepitates violently, fuses to a colorless liquid. 

137 

1.59BJ= 

PHLOGOPITE 

3Al203t2Si0r3H:0 

In C.T., a little water. Ocpd by H,S 04 . One of the micas. 

13B 

1.535 

GLAUBERITE 

HisSOiCaSOi 

B.B., decrepitates, turns white, fuses to a white Biumel. 

1 

139 

1.560 

POLYHALITE 

K!S04'2CaS04- 

MgSOvaHsO 

In C. T., gives water. Partially soluble in water. 

140 

1.587 

UNTIIANITE 

La(COa)r9IIaO 

In C.T., yipl(J.i water. 

HI 


TAENIOLITE 

fK,U)j0Mg0-3Si02- 

ZHjO 

B.B., a colorles>s blehhy mass. Colors flame intensely red. 

142 


CORVUSITE 

V2V,sDj4nHsP 


143 

1.583 

ALUMIAN 

AljOa-ZSOi 

B.B., yields a fine blue color with cobalt solution. 

144 

1.705 

MURMANITE 

2Na20-(Fe,LI|!,Ca)O 

4Si02*4(Ti,Zr)0r 

4H!0 

Soluble inHSOd. 


1.477 

THENARDITE 

NI 2 SO 4 

Brittle. Soluble in water 
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COMPOSITION 

MiiMAnirfi 

m 

1.597 

AMESITE 

2(M|!.FB)0-Al20a‘ 

Si 02 - 2 H 50 

A member of the chlorite group. 

147 


YUKONITE 

Hydrous arsenate 
of Fe and Ca 

Brittle. Decrepitates when immersed in water. 

148 

1.65+ 

IDDINGSITE 

.MB0-Fe2Q3'3Si02* 

4 H 2 O 

Has aiamellar structure. 

149 

1.339 

CRYOLITE 

3NbF AIFy 

Treated witti H 2 SO 4 , it gives off HF etsliiiig the gfest. 

150 

1.692 

BANDYUTE 

CluflAOuar-lH/) 

Occurs in thick tabular d^'SEtala: The water solution leaves a 
residue of copper borate. 

151 

1.68+ 

PIIAHJMACX)- 

SIDEHITK 

3Fi)AiiO.]''e(OU)3- 

fiH,0 

In C.T., yields neutral water and turns yellow. 

152 

1.561 

CHLORITE 

3Ms03Al20.r 

SSiOrBHsO 

Peerljr on cleavages. A member of the chlorite groiqi. 

153 

1.668 

SYMPLESITE 

l‘’e3(A604)j-8Hj0 

In C.T., much water. Colors outer flame light blue. 

154 

1.1)94 

niCIlSTTE 

Chromium mica 

Mica group. Near muscovite. 

155 

1.607 

CORIINDO- 

PlirUTE 

lij;iMgiiA)igSiG045 

A member of tbe chlorite group. Decomposed by H^Oi. 

156 

1.619 

DELESSITE 

4(M|;,Ke)0-2AlA- 

iSiOsuilaO 

In C.T., yields water and becomes brown. 

157 

1.579 

COOKEITE 

(Iji,Nu:i20-3Ali!0s' 

iSiOj-liHjO 

B.B., fuses and exfoliates. 

158 

1.580 

SIIEllIDANrrE 

9Mg0'3 -oSiOa* 

8H2() 

A member of the chlorite group. 

159 

1.63 

GUILDITE 

2(l<e,Al)o(J3.7SO:{- 

3(Cu,Fe)()-17H20 


160 

1.650 

KRAUSTTE 

K;;OFe20s-4i303- 

2 H 0 O 

In C.T.^ decrepitates; gets yellow then bnxwn; meltsi B.B., 
yields a black scoria. 

IGl 


SILlCOMAGNP]SIO- 

FLUORITE 

HgCaiMgaSiaOTFio 

In C.T., yields water. B.B.p gives a clouded greem'sb ^ass. 

162 

1.59+ 

MUSCOVITE 

KcO'JALiOs'BSiOr 

2 H 2 O 

One el the common micas. 

163 

1.595 

DIABANTITE 

J2(Mg,Fc)0-2Als()3- 

OSiO-QHaO 

Fuses to B dark gray somewhat magnetic glaa& 

164 

1.56+ 

CLINOCHLORE 

5(Me,Fe)0Al203- 
35j02 4H30 

Decomposed by H 2 SO 4 . 

165 

1.576 

PENNINITE 

5iMK.Fe)0Al20.r 

3Si0r4H20 

In C.T., yields water. B.B., exfoliates. 

166 

1.589 

PHARMACOLITE 

CaIIAs 04 ' 2 HsO 

In C.T., yields water and becomes opaque. 

167 

1.59+ 

COLLOPHANITE 

CB3(P04)-H20 

B.B., decrepitates violently. 

168 

l.C>52 

LIROCXINITE 

18Cu0-4Al203’ 

5As20b-55H20 

In C.T.f yields much water and turns olive green. 

169 

1.625 

NEPOUITE 

3(Ni,Mg)0-2Si03- 

3 H 2 O 

In C.T., blackens and yields water. 

170 

1.654 

CABRIERITE 

(Ni,MK)3(As04)2- 

8 H 2 O 

In C.T.^ yields water and becomes grayish yellow. 

171 

1.553 

mTCHITE 

Ca 2 Be 0 ii- 2 H 20 

Occam in white cross fibers and riens in limestone and bowlite 
at Lang, Calif. 

172 

1.414 

THOMPSENOLITE 

NaFCaFrAlFg-HaO 

B.B., fuses to a clear glass. Decomposed by H 2 ^ 4 < 

m 

1.625+ 

CHALCOPHYLLITE 

7Cu0A8A'14H20 

Soluble in HN(^ and NH 4 OE 
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INDEX 

oniEF. 

NAME 

■ 

COMPOSITION 

REMARKS 

\u 


PAEAVIVlANlTfi 

(FB,MD,Mg) 3 P 20 a- 

8 H 20 

A Mo, Mg viviaoite. 

175 

1.565 

POLYLITHIONITE 

(Na^lsLibAlsSig 

022 r2 

A member of the mica group. 

176 

1.78C 

BERAUNITE 

3FesQs-2FA-8HiO 

Fuses to a black beaAi. 

177 

1.454 

GEAHKSUTITE 

CaF2.Al(F,OH)3'H20 

Fuses to a white enamel. In C.T., gives water. 

178 

1.576 

EKMANNITE 

5(FB,Mn,Mg,Ca)0- 

(Al,Fe)A‘8Si02- 

7 H 2 O 

Fuses to a black magnetic slag. 

179 

1.661 

ERYTHRITE 

Cils(As 04 )raH 20 

HCI solution is rose-rod. In C.T., yields H 2 O ond turns 
bluish. 

m 

1.602 

.HAIDINGERITE 

CaHAA-H.0 

Test for arsenic. 

181 

1.603 

VIVIANITE 

FtaCPO.li-BHsO 

On coal a grayish-black magnetic globule and bluish-groan 
flame. 

1B2 

1.60± 

PROCHLORITE 

2 (MK,Fe) 0 'Als 03 - 

2SiOi2HoO 

Decomposed by H 2 $ 04 . 

183 


PYCNOCIUjOIUTE 

(Pc,Mn,Ca,Mg)0- 

fAI.l'’e) 203 -Si 02 


184 

1.568 

PYROPHYLLITE 

Al20,)'4Si02*H20 

Decomposed on fusion with alkalios. 

185 

1.568 

ISOCLASITE 

Ca 3 {P 04 ) 2 -Ca( 0 H)r 

41120 

B.B., it glows. 

186 

1.589 

TALC 

3ME0-4Si0rH20 

Has a greasy feel. Sectilo, 

187 

1.587 

RUMPFITE 

7MgU-HAl!0,-l(lSiO>- 

HH.0 

B.B., iiccomes brown. 

188 

1.650 

EPISTOLITE 

5Na20'2Cbi0v 

9(Si,Ti)O2-10H2O 


189 


GUUCX)- 

KERINITE 

10(Zn,Cu)O-2AIA- 

S03-7Hs0 


190 

1.612 

APHRO- 

SIDERITE 

0(Mg,FB)O' 

2(Al,Fe)A-4SiO!r 

SHjO 


191 

].64d= 

BEMENTITE 

‘iMnSiOa'HsO 

Fuses to a black glass. 

192 


SINCOSITE 

VA-CaO-PA-SHjO 

The HCI solution is blue. 

193 

1.65=t: 

EGUEJITE 

CFeA'CaO’5iPA' 

2311:0 

in ( '.T., blackens and gives off water. 

194 

1.59 

GARNIERITE 

(NI,Mg)0Si0!nH:0 

A serpentine. 

195 

1.606 

MARTINITE 

SCaOPiOi-lJHiiO 

B.B., burns white and falls to pieces. 

196 


ERRITE 

Y-MnO-SSiOsSHiO 

Maiisivc. May be a variety of parsettensite. 

197 

1.545 

EUCRYPTITE 

U 2 OAI 30 , 2 Si 0 ! 


198 

1.65 

mRi- 

SYMPLESSITE 



199 


KURSKITE 

2 Ca 3 (P 04 )s-CaFr 

CaCOa 



1.65 

GREENALITE 

FeO-SOi-nHaO 

Resembles glauconite but contains no potash. . 



META- 

GREENALITE 

9FeO'FeA-8SiOr 

gH:0 


202 

1.66 

STEWARTITE 

3Mn01>A-4H!0 

An alteration product of lithiophilite. 



BASSANITE 

CaSO: 

Found in rocks ejected from Vesuvius. 

1 


TARTARKAITE 

KaOllROlSRA- 

SOSiOilSHsO 
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H 

BF. OR. 

D 

Ha 

COLOR 

STREAK 

LUSTER 



a 

205 

7 

2.866 



Blue, 






aoe 

? 

2.82 


Gelat 

White 



None 


M 

207 

? 

2.74 

3 

Sol 

Bright blue 


P 



0 

208 

? , 

2.S9 

Easy 

Ina 

White 


P 

Perf 


H 

209 

? 

2.96 


White, brownish 





H 

210 

7 

2.62-2.56 



Colorless 



None 


211 

7 

2.75 



Gray 



Good 



212 

7 

2.725 


Dcpd 

White, colorless 





213 

? 

2.98 







I 

214 

7 

2.8 



Red, yellow, brown 





H 

215 

7 

2.70 


Ina 

Yellow 





216 

? 

2.80 


Sol 

Blue 






217 

7 

2.86 

Fus 

Dcpd 

Blackish-green 






218 

7 

2.93 


White 





I 

219 

7 

2.90 



Croamy white 




Fibrous 


220 

? 

2.7 



Green or brown 





li 

221 

? 

2.84 



Wax yellow 





M 

222 

? 

2.67 


Sol 

White 



Gik)i1 

Uneven to 

0 










to conch 


223 

7 

2.74 



Yellow 



I’air 


0 

224 

7 

2.91 

Fua 


Emorald-groen 



Perf 


M 

225 

? 

2.75 



Colorless 


. 



H? 

226 

7 

2.73 







Fibrous 

0 

227 

7 

2.88-2.77 







Fibrous 


228 


12.87 



Blue to black 





0 






becomes grnsh ylw 
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.NAME 

. 

couposmoN 

REMAHKS 

205 

1.627 

cuprto- 

RIVAITK 

2(Ca,NaKOu,AI) 

(Si,Alj 4 ( 0 ,OH;i,HjO 

From Vesuvius. 

206 

1.635 

TILLEYITE 

3CaOSiO‘rCO!} 


a)7 

1.617 

CYANOTRICKITE 

lOuO'AlzOy'SQs' 


208 

1 . 6 ± 

MANANDONITE 

2LiL>0 ■ 7 A1 20:i ‘ 211203' 
()SiO- 12 H 20 


209 

1.509 

NOCERITE 

2 MgO'MgF 2 *CaF 2 

Found in volcanic bombs. 

210 

1.542 

KALSILITE 

KAISiOn 


211 

1.339 

niERATITE 

2 KF-SiF 4 

Soluble in hot water. From volcanic fumeroks. 

212 

1.525 

BRADLEYITIi 

Na.,ME(X)alX)4 

Slowly decomposed by cold water. 

213 


SCACXUUTE 

MnCl 2 

Deiequesont. From Vesuvius. 

214 


MOLYSITE 

re(^l3 

Unstable. From Vesuvius. 

215 


RAUIOTINK 

HiMgaSisOa 

In C.T., yields much water bee. lining brown. like ser- 
pentine. 

216 


CERtJLEITK 

(C^OEIIULEITE) 

('uO- 2A1 lX>j-As 205- 

8 H 2 O 

Loses water only at high temperatures. 

217 


MINCIUETITE 

17 Si 0 .r 4 Fc 203 - 8 Fe()- 

K^O-BHaO 

In C.T.. yields water. Tl.B.j fuses to a. black magnetie 
enamel. Chlorite group. 

218 

1.590 

KOCHITE 

2Al20.r3Si02-r)H20 

Gives off water at high temperatures. 

210 


STRONTIUM- 

ARAGONITE 

Aragonite containing 

SrCOa 


220 

1.57 

LAWK15NCITE 

FrGI. I 

Unstable. From Vesuvius. 

221 


XANTHOXENITE 

nvOi withMn.Ca, 
Fo,Mg,Al oxides 


222 

1.494 

ARGANITE 

KviO'SOs 

Brittle. Soluble in w'ater. Close to aphthitalite. 

223 

1.722 

TARAPACAITE 

KfOCrOg 

Found with soda niter in (/hili. 

224 

1.58 

CRYOPHYLhITE 

3fLi,K)20-2FeO- 

4Al20.r2:iSi02' 

3H:0-8(U.K)F 

Near zinnwaldite. A member of the mica group. 

225 

1.312 

MALLADUJTE 

2 NaF-SiF 4 

From Vesuvius. 

226 


BARUOLITE 

KiO-SMsOFeO- 
FeA-.AIsOa-iaSiOa- 
21 H/) 

A chlo.'-ite-like mineral. 

227 


BEACONITE 

n 2 (Mg.Fo)s(SiO ,)3 
SiOa ol Na,K,Al, 

Fe> etc. 

A variety of talc resembling asbestos. 

228 


TUHUALITE 

An umphihule. 
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H 

SP. GR. 

F 

HCL 

COLOR 

STREAK 

LUSTER 

CLEAV- 

AGE 

FRACTURE 

SYS- 

TEM 

1 

7.5-8 

2.B-2.63 

5.5 

Ins 

White, rad, yellow, 

White 

V.R 

Imperf 

Conch lo 

H 






pint, pMn, klui 




uneven 


2 

7.5 

2.35 

Inf 

Ilia 

Grayish white 


V 

Perf 

Brittle 

0 

3 

7-7.5 

2.IB-2.E0 

5-5.5 

Ptsol 

Shades of blue 


V 

Gist 

Subconeh 

0 

4 

7 

2.65 

Inf 

Ins 

Colorless, various 

White 

V.G 

Poor 

Conch lo 

R 






shades 




uneven 


5 

7 

2.6-2.5 









6 

7 

2.33-2.ZB 

Inf 

Ins 

Colorless 


V.P 

Indist 

Conch 

H 

7 

7 

2.59-2.52 



White to brick red 


R 

Fair 


0 

B 

G.7 

2.67-2.65 

3.5 

Ins 

While, various tints 


VtOP 

Port 

Conch to 

Tr 










uneven 


9 

6-7 

2.64 









10 

6-7 

2.C-2.59 

Inf 

Ins 

Pale vellow to 


V, P 

Perf 


0 






colorless 





11 

6-7 

2.64-2.6 

Inf 

Ins 

While, gray, brown, 

Whim 

V, w 

None 

Conch 







red, blue, etc 






12 

6-7 

2.50 


Sul 

Reddish violet 


V.P 

Porf 


Tr 

13 

6 5 

2.55 

Diff 

Ins 

Hroi^Ti 


Fair 


0 

14 

6-6.5 

2.65-2.62 

4 

Ins 

Colorless, white, 

Uncolored 

V.P 

Good 

Uneven to 

Tr 






reddish, greenish 




conch 


15 

6-6.5 

2.57-2.54 

5 

Ins 

White, pale yellow, 


Y,P 

Perf 

Uneven 

Tr 






red, green 






16 

6-6.5 

2.46-2.39 

5 

Ins 

Colorless, white, 

Uncolered 

V.P 

Perf 

Subconch 

M 






reddish, greenish 






1) 

6-6.5 

2.62-2.50 

5 

Ins 

White, colorless, 

Uncolored 

V.P 

Perf 

Conch lo 

M 






pink, yiw, red, gray 




uneven 


IB 

5-6.5 

2.B-2.5 

2-3 

Pt sol 

Colorless, white, 

Uncolored 

Y 

Good 

Conch 

T 






red, blue, gray, etc 






19 

6 

2,83-2.6 

Inf 

Sol 

Shy blue, green, 

White to 

W 

None 

Small conch 

Tr 






bluish-green 

greenish 





20 

6 

2.6-2.49 

3.5 

Gelat 

(\ilorless 


s 

Perf 

Brittle 

H 

21 

6 

2.93-2.54 

3 

Gelat 

Hoddisb, white, rod 


V 


C^onch 

T 

22 

ij 

2.53-2.42 

Diff 

Golat 

Colorless 


s,v 

Perf 


H 

23 


2.57 

Easy 

Ins 

Colorle.sa 


Pris- 


H 







matic 



24 

6 

2.60-2.57 

Inf 

Ins 

White, palo yellow, 

Uncflloreil 

v.P 

Perf 

Uneven 

Tr 






red, green 






25 

0 

2.50 

Fus 

Gelat 

Oolorleas 



Perf 


H 

26 

5.5-6 

2.65-2.55 

3.5 

Gelat 

Colorless, green. 


VtoG 

Gist 

Subconch 

H 






gray, red, brown 






27 

5.5-6 

2.62 

3 

Pt sol 

Colorless, white 


Y 

Fair 


T 

28 

5.5-6 

2.59-2.55 

3 

Ina 

Pale green, colorless 


V 


Gonch 

H 
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GROUP 10 

Specific Gravity 2.65-2.33 



INDEX 

DP REF. 

NAME 

COMrOSITION 

1 

REMARKS 

1 

1.596 

BERYL 

2BiOAbOii'6SiOi 

B.B., cloar variotios becomo milky and cloiuly. 

2 

1.591 

WMfi£KGlTE 

ABbOBA-HoO 

(^omplotely dissolved in 

3 

1.562± 

lOLITE 

(CORDIERITE) 

4(Mi,Fi)0-4Al203- 

lOSiOrHjO 

Dacininnf by hision witli ilkili carbonatti. 

4 

1i44 

QUARTZ 

SIO 2 

A vary common minoral. 

5 


QUARTZINE 

SiOs 

Anhydrous silica having a fibrous structure. Fibrous chal- 
cedony. 

6 

1.47 

TRIDYMITE 

SiOn 

Soluble In bolllni N 12 CO 3 ; thh dilerantiilii U Iran iiittt. 

7 

1.505 

KLPIDITE 

Na-jO-ZACSiOa- 

311,0 


e 

1.543 

OLIGQCLASE 

(Nao,Ca) 0 Al 20 a- 

SSiO. 

One of the feldspars. 

0 

1.529 

BEllLINITfi 

3(AIP04) 


]() 

1.005 

UEUTRANDITE 

4BeO-2Si02HsO 

H.B.J becomes opaque. 

11 

1.537 

CHALCEDONY 

SIO 3 

Occurs in botryoidal mosses, massive and lining rock cavities. 

12 

1.508 

USSINGITE 

2N»20Al2Qj-6Si0i’ 

II 2 O 


13 

1.680 

TITANOELPlDlTIi) 

Naj0'(Ti,Zr)0!' 

eSiOj'SHjO 


14 

1.529 

ALBITE 

N92G'Al2Qa'6Si02 

A feldspar. B.B., a colorlass or white glass. Yellow flame. 

15 

1.526 

MICROCLINE 

M-AlsOs-eSiO^ 

A member of the feldspar group. 

16 

1.510 

PETALITE 

Li.OAIsOjBSIOi 

B.B., gently heated, emits a blue phosphorescent light. 

17 

1.524 

ORTHOCLASE 

K 20 'Al 20 a‘ 6 S 10 i! 

A common constituent of rocks. A feldspar. 

18 

1.55=1= 

SCAPOLITE 

A tetra{onal roup of 
Ca.Na.AIrSiOa 


19 

1.62 

TURQU0I5 

CuO-SAI^Oa'ZPaOf)' 

9H.Q 

In C J., decrepitates, yields water and turns black or brown. 

20 

1.532 

KALIOPniLITE 

K20A103-2Si02 

In bundles of slender, acicular crystals and fine threads. 

21 

1.62i 

SAUCOLITE 

3Ca0AlOa-3Si02- 

-|-Na 

B.B.; a white enamel. 

22 

1.521 

MICROSOMMITE 

3(K,Na)20-S0s- 

4(Na,K)C1.4CaO- 

6 Al 203 ' 12 Si 02 


23 

1.518 

liRFITE 

NaO-AlA-ySiOr 

2Nal!' 


24 

1.525 

ANORTHOCLASB 

(Na,K)20-AlA- 

GSiOrAbfisOrsa 

One of the feldspar group. 

25 

1.522 

NATRODAVYNE 

Davyne with no K 
and much CO 2 


26 

1.539 

NEPHELITE 

3 (K,Na)O> 4 Al 20 s- 

9Si02 

Brittle. 

27 

1.54± 

MIZZONITE 

Near marialite 

A scapotile. 

28 

1.532 

MILARITE 

K20-4Cb02A1203- 

24SiOrHO 

Brittle. Fuses to a white blobby masa 
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GROUP^IO 

Specific Gravity 2.65-2.33 



INDEX 

OF REF. 


COMPOSITION 

REMARKS 

29 

1.54zt 

MARIALITE 

3Na20-3Ali0iitSi02' 

2NaC( 

Ascapolila. 

3Q 

1.496 

HAUENITE 

3Na20M203-2SiOi- 

CaSO. 

On coal with soda gives the sulfide tosL 

31 

1.50B 

LEUCITE 

K30M203-4Si02 

Brittle. B.B., with cobalt solution, ghras a blue color. 

32 

1.495 

NQSELITE 

5Na^0-3Al203- 

6Si0s>2SO3 

On coal with soda, gives the sulfide test. 

33 

1.640 . 

IGALIKITE 

NaKAl4Si40i5-2H20 

Minute scales in pseudo-hexagonal iurrungement. 

34 

1.518 

DAVYNE 

4(Na,K)20-Ea0- 

2C024.A1A- 

!J8i02'3H20? 

Fuses w'ith intumescence, coloring the flame yellow. 

35 

1.524 

CANCRINITE 

4Na20Ca0-4Al20,- 

2C02-9Si02-3H20 

In C.T., gives water. 

36 

1.490 

HYDRO- 

NEPHEIJTE 

2Na20-3At203-6Si02- 

7 H 2 O 


37 

1.50± 

LAZURITE 

3(Nas0AI;203-2Si02> 

2Na2S 

B.B., on heating, glows with a beetle-greae light 

31 

1.519 

SCOLECITE 

CaO AbOd-SSiOr 
3Hs0 

B.B., sometinies curls up like a worm. 

39 

1.525d: 

THOMSONITE 

(Ca,Na 2 )aAl!Or 

2Si02-2^H20 

B.B., gives a while anamel. A zanlite. 

40 

1.52± 

GLASS 

Na 20 Ca 0 tSi 08 + 

Fe,K,Ba.B,Pb,(tc 

Not a mineral but oRen mistaken for ona. Very common. 

41 

1.534 

FISCHERITE 

AU'04-AI(0H)3- 

2 JH 20 

Soluble in H 2 SQ 4 . B.B., becomes white and clouded. 

42 

1.580 

OOERULEO- 

LACTITE 

JAhOj-ZPA- 

IOII 2 O 

Occurs in fibrous cruste. 

43 

1.512 

miEWSTERITE 

(Sr,Ba,Ca)0'AlA' 

6Si02-5H20 

Brittle. Fuses to a white enamoL 

44 

1.505 

MESOLITE 

NajO-ZCaO SAliO, 
SSi 02 'BH 20 

B.B., becomes opaque and swells up io worm-llke forms. 

45 

1.571 

VARISCITE 

AlAPA"«liO 

Soluble in llCl after ignition. 

46 

1.517 

PLANERITE 

,1A1A'2PA- 

iSiiW 

B.B .2 deirepitates. Probably identical with coeruleolactite. 

47 

1.59 

STERRETTITE 

Al6(P0.)4(0H)65Il20 

In (\T., fuso.<j, yields water, leaving a dark infusible residue. 

48 


RIVAITE 

(Ca,Na 2 )SiA 

Prisms of wollastonite embedded in glass. B.B., a glass and 
yellow flame. 

49 

1.507 

lSULPHATIC 

CANfilUNITE 

4Na20Ca0-4AIA' 

C03-SQ3'9Si023H20 


50 

1.53G 

ASCIfflOmNE 

N a.K 4 (Oa,M|!,Mn)r 
A]|.Si220i»36iHiO 


51 

1.561 

UWOZERITE 

Hydriiua aireoDO- 
silicate of calcium 

B.B., an opaque white bead. 

52 

1.536 

APOPHYLLITE 

K.0BCaO-16SiO2- 

I 6 H 2 O 

In CJ., exfoliatos, whitens and yields acid water. 

53 

1.502 

«NTI60RITE 

3M|0 BSiOrZHiO 

In C.T., yields water. A serpentine. 

54 

1.427 

RALSTONITE 

(Mg,Na2)F2- 

3AI(K,OH)j-2HsO 

Brittle. Decomposed by H 2 SQ 4 with evolution of HF. 

56 

1.660 

BARRANDITE 

(Al,Fe)P04-2H20 

B.B., splits open and becomes dark color. 
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GROUP 10 
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fl 

SF. GH. 

F 

HCL 

COLOR 

STREAK 

LUSTER 

CLEAV- 

AGE 

FRACTURJE 

m 

5S 

4.5 

2.5-2.44 

3.5 

Dcpd 

White, yellow, red, 

White 

V 

Easy 

Uneven to 

M 






brown 




subconch 


o7 

1.5 

2.33 


Sol 

Emorald-groen 



Perf 


M 

08 

4-4.5 

2.5-2.49 

4.5-5 

801 

Uolorleas to brown, 

Yellowish 

R 

Perf 


R7 






yellow 






59 

4-4.5 

2.43-2.42 

1.5 

Sol 

Colorless, white. 


VtoA 

Perf 

Uneven to 

M 






yellowish 




subconch 


60 

4-4.5 

2.37-2.28 

2.5-3 

Dcpd 

Colorless to white 


V 

None 

Brittle 

M 

61 

4 

2.58 

Inf 

Sol 

Pale brown 



Perf 


I 

62 

4 

2.54 

Inf 


Cray to blue 


G,V 

Dist 


0 

63 

4 

2.68-2.61 



Black 





64 

4 

2.6 

Inf 


White 



Dist 



65 

4 

2.53 



Pale groon to 











colorless 






66 

4 

2.5 



Dark brown 

Brown 

P 


Conch 


67 

4 

2.54 

Inf 

Ins 

Green 





0 

68 

4 

2.5 



Ashy brown 





11 

69 

4 

2.45-2.38 

Fus 

Sol 

Colorless 


D 

Dist 

Brittle 

0 

70 

4 

2.63 

Dili 

Sol 

Colorless 



Perf 


M 

71 

4 

2.41 



Green, yellow 


R,P 

Perf 


M 

72 

4 

2.5 


Ocpd 

Green, brown, ylw 


Perf 


D 

73 

4 

2.53 


Grn.sh, colorless 



Porf 


M 

74 

3.5-4 

2.39 



Blue to gray 



Good 


M? 

75 

3.5-4 

2.75-2.56 

Inf 


White, grayish, 

White 

yp' 

Dist 

Conch to 

R 






reddish 




uneven 


76 

3.5-4 

2.36-2.25 

2.5-3 

Gelot 

White, yellow, red 

Uncolored 

V.P 

Perf 

Uneven 

M 

77 

3.5-4 


1 

Sol 

Colorless, gray. 



None 

Conch 

I 






yellow, brown 






76 

3.25-4 

2.34-2.32 

Inf 

Sol 

White, yellow, green 

White 

V.p 

Fair 

Uneven to 

0 










subconch 


79 

3-4 

2.41 


Dcpd 

Green 

Greenish white 

R 




80 

3-4 

2.58 

Inf 

Pt sol 

YeUow 

White 

V,P 

Dist 

Conch 


81 

3-4 

2.8-2.64 

4-6 

Dcpd 

Brown to black 

Same 

D 




82 

3-4 

2.39 

Diff 

Dcpd 

White 


V, P 

Mic 



83 

3.5 

2.49 

1 

Sol 

Orecni.‘)h, yellow 


V 

None 


I 

84 

3.5 

2.57 



White, buff, gray 


Gla&sy 

None 

Conch 

0 

85 

3.5 

2.59-2.55 

2 

Ins 

White 


Sv 


Even 

M 

I 


2.61 

Eaay 

Sol 

(!llear, colorless 



None 

Brittle 
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INDEXj 

OF REF. 

NAME 

COMPOSITION 

RF-MARHR 

le 

ISIS 

HARMOTOME 

' 

(K,,Bi)0.M20,. 

SSiOi-SHiO 

B.B., wliltaitt, thii crunblK ind him ti a auMia ftaiiilimiit 
glass. 

57 

1.656 

NATROCHALCITE 

Na20*4Ca0‘3SQ3‘ 

3H,0 

Slowly soluble in water. 

58 

1.8.30 

CARPHOSIDERITE 

SFesQs-SSOa-lOHiO 

Insoluble in water. 

59 

1.592 

COLEMANITE 

2CaO-3B2Da-5HiO 

B.B., docrepitalBi, eifoliates, sinters, fuse imperfectly. 

60 

1.50 . 

WELLSITE 

BaOKiOZAIA- 

eSiOrSHsO 

In C.T., jnelrfa water. A member of the zeolite group. 

61 

2.137 

OLDHAMITE 

GaS 

Troatod with HCl, it yields HsS. Decomposed by boiling 
water. 

62 

1.576 

SPIIAERJTE 

■I.AlWVdAlCOH),- 

7H.0 

B.B., colors the Game bluish-green. 

63 


130NDSDOIUTOE 

K2(Mg,Fe)jAl8 

(Si,07).-71I,0 

An alteration product of cordierite. 

64 

1.585± 

NATROALUNITE 

Na20'3AJ203-4S03- 

1 GILO 

Soluble in HCl and partly in w'ater after ignition. 

65 

J.574 

OVERITE 

2[Ga3Al,i(PO4)830Il2OJ 

Prismatic cry.'itabi in variscitc nodules. 

66 

1.7.58 

ASOVSKITE 

PsOs-SFejOrOHjO 

Occurs in sheila, veins, and nodules. 

67 

1.588 

MET.W.MIISCITE 

AljOaPA^HaO 

Becomes lavender on boating. Soluble in HCl after gently 
heating. 

68 


CODAZZITE 

(Ca,Mg.Fe,C0)COa 


69 

1.540 

SULPHOBORITE 

6 MgO« 2 RA- 2 S 03 * 

Oil/) 

Soluble in water. Colors flame green. 

70 

1.62 

AFWILLITE 

3CaO-2SiOr3H20 


71 

1.545 

PHOLlIX)LITE 

Like coledonite with AI 


72 

1.550 

CHRYSOTILE 

3Me0-2Si02-2H20 

Serpentine asbestos. Fibers usually long and neiible. 

73 

1.578 

MONTGOMERITE 

Ca4AL(P04)B(0H)i« 

lllLO 


74 


KOLBtXJKITE 

ILO SiOr PaOs of Be 

.Short prismatic crystals. 

75 

1.572 

ALUNITE 

K.O SAIsOs 4S03- 
6 H 2 O 

Brittle. Soluble in H 2 SQ 4 . In C.T., yields water. 

76 

1.524 

LAUMONTITE 

CaO Alo 03 > 4 Si 0 r 
4H20 

B.B., a white enamel. 

77 

1.514 

NORTIIUPITE 

MR0Na2()-2C02- 

NaCI 

B.B., froths and fuses to an alkaline mass. 

76 

1.534 

WAVELLITE 

4AIP042AI(OH)3- 

9 H 2 O 

Brittle. Soluble in KOH. 

79 


GENTHITE 

2Ni0-2M{0-3Si02> 

6 H 2 O 

In C.T., blecktns and gives oil water. 

80 


WEWIGITE 

K20-3AIA-4S03' 

9 H 3 O 

Similar to alunitc. 

81 

1.50d= 

NEOTOCITE 

(Mn,Fe)0-Si02-2H20 

In C.T., yields much water. 

82 

1.549 

GYROLITE 

4Ca04hSi02’ 

5(Na,K,H)20 

In G.T., yields HoQ; intumesoes and separates into tihin scales. 

83 

1.454 

SULPHOHALITE 

3Na2S04-2Naa 

Slowly soluble in water. 

84 

1.488 

BURJEEITE 

2 Na 2 S 04 Na 2 CQg 

Brittle. Soluble in water. 

i 

1.598’ 

HOWLITE 

4Ca0-5BA-2a02- 

5 H 2 O 

Tests for boron. 

86 

1.440 

SCHAIRERITB 

Na 2 S 04 Na(F,a) 

Soluble in water. Colors flame intensely yellow. 
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1 

tHDEX 
or REF. 

NAME 

CQHFOfimON 

REUAltiCS 

1 

1.534 

MINYULITE 

2k(OH,F)lA]A- 

ZPjOaTHlO 

Radiating groups of white needles like waveUite. 

m 

1.555 

VAUXITE 

FeOAIiOa-PiOr 

6 H 2 O 


1 

li08 

TYCHITE 

ZMgO'SNaiO-ACOi- 

SOs 

Slightly soluble in water. 

90 

1.552 

ZIRKLERITB 

2 Al 20 a' 

9(FB,Mg,Ca)Cl2- 

3HaO 

Decomposed by with separation of AlsOii and Fe(OH) 8 . 

91 


GAJITE 

Hydrous (CBjyfg)CX )3 

In C.T., yields alkaline water. 

92 


OXY- 

KERTSCHENTTE 

(Mtt,MK,Ct)0- 

AAIjOs-SPiOs-ZlHsO 

B. 6 ., gives a black shiniag bead. 

93 


MORAVITE 

H4Fe2(AlJ'e)4 

StOm 

94 

1 .. 5 r >4 

REYERITE 

Ca^^SiOo+HaO 

In C.T., yields alkaline water. After heating gives an alkaline 
reaction. 

95 


KERTSCHENITE 

Hydrated ba.sic ferric 
phosphate 

Soluble in water. Tastes bitter. 

96 

1.487 

APHTfflTALITE 

(Na,K)LHS04 

97 

1.533 

KIESERITE 

MgS 04 'H >0 

Soluble in water. 

98 

1.481 

HANKSTTE 

4Na2S04'Na2fX)3 

Rrittle. Soluble in water. 

99 

1,59± 

ZARATITE 

NiCO,-2Ni(OH)>- 

4 R 3 O 

In C.T., yield.s water and leaves a grayish black magnetic mass. 

100 


PEGANITE 

A1P0.-AI(0H)3- 

liHsO 

In C.T., yields water and assumes a violet or rose rod color 

lOJ 


SPODIO- 

PHYLUTE 

(Na5.Ka)2(Mi!^e)3 

(FB,Al)j(Si03). 

B.B., gives a nearly colorless bead. 

102 

1.510 

PIBSSONITE 

CiO'NasO'ZCOr 

ZlhO 

Gives an alkaline reaction after heating. 

1D3 


SERPENTINE 

3M|0 Z$i0rZH20 

In C.T., yields water. There ere many varieties. 

104 

1.566 

GIBBSITE 

M(0H), 

Soluble in H 2 SO 4 . In C.T., yields water end becomes 
opaque and white. 

105 

1.542 

DAWSONITE 

NazOAIjOs-ZnOj- 

ZHiO 

B3., swell.? up and colors flame deep yellow. 

106 

1.55,5 

SHORTITE 

NaiOZCaO-SCO! 

Strongly pyroclectriv. Dcpd by 

107 

NEMAPHYLLITE 

As serpentiao 

A variety of serpentine containing 

108 

1.57± 

HISIEGERTTE 

Hydrated ferrio 
silicate 

In C.T., yields water. Fuses to a bla^ magnetic slag. 

109 

1.561 

MBTAVAUXITE 

FeOAlsOs-PA-ffisO 


no 

1.545 

MOOKEITE 

8 (Mg,Mn,ZB) 0 -S 03 ‘ 

IIH 2 O 

.'iCaO-ZSiOs'SHiO 

White tabular crystals 

111 

1^94 

FOSHAGITE 

B 3 ., water is expelled and it becomes pale blue^ May be 
identical with hillebrandite. 

112 

1.60 

RrVERSIDFJTE 

ZCaOZSiOrSH^ 

fuses to a white glass. 

113 

1.572 

ENGLISHITE 

4 CaOK 30 - 4 AlA- 

4 P 3 O 1 I 4 H 3 O 


114 

1.591 

ERICEITB 

«;aO-5B3Q8-7B^ 

Chalky* In crystalline and oryptoorystalliiie oompact masses. 

115 

1.589 

RINNEFTE 

FeClrSKCl-Naa 

The is astringent like ink. 
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GROUP IB 

Specific Gravity 3.65*-2.33 


1 


NAMS 

CO-MPOSinON 

REM.iRKfl 

UG 

1.587 

UNTHANITE 

La(OOs)2‘9H./) 

Id C.T., yields water. 

]17 

1.542 

TOSHALLASSITE 

3C^'28i03-3UsO 

Scaly, spheroidal aggregates. Related to foshagite and 
centrallaaite. 

118 

H- 

CXDNNARITE 

2NiO2-3Si0r2H20 


m 

1.490 

LOEWEITE 

2 Ns!S 04 - 2 MgS 0 .' 

5HiO 

Soluble in water. 

• 

120 

1.5f> 

COLERAINITE 

4M|^)-Al!03-2Si0r 

SHzO 


121 

l.C35± 

PITTICITE 

Hydrated ferric 

A.O 4 and SO 4 

In G.T., yields water and SO 2 . 

122 

1.537 

NAUJAKASrnS 

3(Na2,Fe)0-2Al20j- 

SSiOs'UsO 

Minute mica-like plates. 

I 

123 


RADIOPHYLLITE 

Ca0Si02Hi!0 


124 

1.770 

ROSSITE 

C*0VA-4H!0 

Soluble in water. 

12') 

1.542 

KOLSKITE 

Hydrous SiO * of Mg 


121) 

1.591 

METAVOLTINE 

5(Kj,Nai.Fc)0- 

SFeA-iaSOs'lSHsO 

Partly soluble in water. 

127 

1.544 

HALITE 

NaCI 

Soluble in water. Common soil 

128 

1.517 

SYNOENITE 

K2S04-CaS04H20 

Partly soluble in water. In C.T., decrepitates violently, 
yielding water. 

129 

1.729 

DONBASSITE 

Il20,Al,Si02 

B.B., splits into separate folia and whitens. 

13(1 

1.575 

ClALCIOFERRITE 

Caa(PO.)2-2FoPO.- 

Pi.(0U)3'8H2O 

B.B., gives a shining black magnetic globule. 

131 

1.559 

BRUCITE 

Mf(0Hh 

In C.T., yields water; becomes opaque and friable. 

132 

1.52 

[[AUTEFEOILLTTE 

.1(Mg,Ca)OPA- 

SHsO 

¥ma to a greenish white globule. 

133 

1.542 

SCHROECKIN- 

GEltlTE 

l3GatX)j’Na.SO.- 

UOa-lOHjO 

Erronoously renamed dakeite. Soluble in cold water. De* 
composed by hot water. 

134 

1.548 

llENTMUi-ASITE 

4CaO TSiOj-SHuO 

In C.T., yioldfl much water. Soluble in water. 

135 

1.815 

PASnoiTE 

SVA^CaOllHsO 

136 

J.674 

BUTLEIUTE 

(Fe,Al)A-2S03-5Hi^) 


137 

1.043 

HANSOMITE 

CuO (Fi!,Al)a03- 
4S03-7HA 

Brittle. Usually in curved and vemiform shapes. 

138 

1.08.5 

ANTOFAOASTITE 

CuOs^HiO 

139 

1.002 

LINDACKEMTE 

3NiO-6CuO-SOii- 

2Asi!Or7HiO 

Fuses te a bla^ bead. The llCl solution yields a yellow 
precipitate with 

140 

1.5Bd: 

CLINOCHLORE 

5(Fi,M|10'AIs03- 

isiOr^Hzfi 

Decomposed by H:iS 04 . 

141 

1.576 

PENNINITE 

S(M|,Ft)0 AIzO,' 
3SI0 i-4H20 

Decomposed by HzSOi. B.B., exfoliates. 

142 

1.589 

PHARMACXILITE 

CaHA804'2H20 

In O.T., yields water and becomes opaque. 

143 

1.565 

KAOLINITE 

M.Or2SiO,2H,0 

In C.T., yields water. 

144 


WAPPLERITE 

2CaHAB04-7HA 


145 

1.525 

SIDEHONATRITE 

2Na!0-Fe2Qs-4S0a' 

7HsO 

Ueconoposed by boUing water. 

146 

1.625 

NEPOUPTE 

3(Ni,Mg)0-2Si0r 

3H^ 

In C.T., blackens and yields water. Reacts /or nickel. 

147 

l.54=t 

AIDYELITE 

4NiO-4AlAiG8iOr 

15HA 
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INDEX 

OP REF. 

NAME 

COMPOSITION 

REMARKS 

B 


llOEhWTE 

Fe 203 -Si 02 *H 20 

B.B„ be(H)ineR reddish brown then grayish black. Fuses to a 
black slag. 

n 

1.625± 

CHALCO- 

PHYLLITE 

7Cu0A820il4Hj0 

Soluble in HNQs and NH 4 OII. 

M 

1.581 

SKOLITE 

Il 20 ,Si 02 ofAl,FB,K, 

et 4 ). 

3Ntt2S04’ FC 2 ( 804 ) 3 - 
6 H/) 

Loses water easily but reabsorbs it. 

i 

1.559 

FEimONATHITE 

Soluble in water. 

152 

1.535 

TORNIELLITE 

rOH)ai,(Si 40 ,o) 

2 HiiO 

('lay-likoL Amorphous Fonn of halloysite. 

153 

1.63d= 

GLAUCONITE 

Hydralsd silicite of 

K and Fo. 

B.B., gives a black magnBlic glass. 

154 

1.535 

TORNIELLITE 

IlydrouH Si 02 of A1 

Feels soapy. Very porous. Stick.s to the tongue. 

155 

1.561 

miMBOLDTINE 

2 FeCA- 2 HjO 

In C.T., yields water, turns black and becomes magnetic. 

155 

].5fKl 

DICKITE 

Al 2 Qs- 2 Si 02 * 2 H,O 

One of the kaoline group. 

157 

1.603 

VIVIANITE 

F4i(P04)..8H,0 

On coal, a grayish-black magnetic globule; bluish name. 

156 

1.520 

BOBIERITE 

.IMgOIWHiO 

Insoluble in water. 

159 

1.518 

KELSOEBANYITE 

2 AliOa-S 03 'IOHiO 

In C.T., yields water at high temperatures. 

160 

1.516± 

BEIDELLITE 

Al203-3d:Si02 


151 

1.66,5 

DIMORITIITE 

AS 483 

On heating, turns red, then broum; gives yellow fumes; ignites 
and burns without residue. 

162 

1.571 

HOERNESITE 

Mg:,(As04)r8n20 

In C.T., much water. On coal, an arsenical odor. 

163 


LSJIKYLDITE 

Ha^gi!i8iii04r 

A variety of chrysotile. 

164 

1.533 

SmLESITE 

Na20B203*4Si0r 

2 H 2 O 

Partly soluble in water. 

165 


RYDROMAGNQ* 

OALCITE 

CBCQ:rMg(OH )2 


156 

1.549 

TRUSCOrriTE 

4(Ca,Mg)07Si02* 

3H/) 


167 


KAUAIITE 

2Al20:r3(K,Na,H)20- 

SO 3 

J*owdery. 

168 

1.59d= 

NONTRONITE 

(Ca,Mg)0'FeA- 

2 Si 02 ’ 2 =t;H 20 


169 

1.632 

PICRO. 

PIL\RMACOLITE 

3 (Ca,Mg) 0 Afl 205 * 

6 H 2 O 


170 


CUPRO- 

ASBOLANE 

(Cu,Mg,H2)0- 

(Fu,Ai,Co,MD)<iO^ 

HCl Rolutioo yields chlorine. From Katanga, Ruaahi, etc. 

171 

1.59 

GARN1ERITE 

(Ni,Mg)0Si02nH20 

A serpentine. 

172 

1.65 

EQUEIITE 

18FoA3CaO- 

lePoOs-OOiHsO 

In C.T., blackens and gives water. On coal, fuses with 
intumescence to a black globule. 

173 


NEWTONITE 

Al2Q3*2Si02'5H20 

Gives aluminum reactions with cobalt solutioa. ^ 

174 

1.63 

CEUDONITE 

R2Q3-3(R0.R2Q3)- 

8Si0r,5H20 

Occurs in minute scales. Feels greasy. 

175 

1.576 

PARSETTENSITE 

3MDO-48i02-4H20 

Probably identical with errite. 

176 

1.59 

MANGANBRUCITE 

(Mg,Mn)0-H/) 

See brucite. 

177 


ALPHA- 

CKIDRITITE 

4AlA-5Si0z-7H20 


178 


FERHUCCITE 

NaBF< 

Minute crystals from Vesuvius. 

178 


BAUXITE 

kWHiQ 

In round conefotionary massos; massive, oolitic, oarthy, dey- 
llke. A misture; not a mineral. 
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B 

BP. GH. 

F 

HCL 



LUSTER 



1 

180 

? 

2.65-2.30 



White 


Chalky 

1 



181 

? 

2.63 



Black 




H? 

182 

? 

2.58 



Yellow-orange 





M 

183 

? 

2.42 



Groun, blue 





T 

184 

? 

2.57 



Colorless 





Tr 

185 

? 

2.50 



Yellow to pale green 



Perf 


0 

186 

? 

2.34 

Inf 

Sol 

White 






187 

7 

2.51 

Easy 

Sol 

Deep red 

Brown t(» 

s 



0? 






maroon 





188 

? 

2.55 

1-2 

Sol 

Red 

Bronze, mamnn 

»S 



0 

189 

? 

2.62 



Yellowish to reddish 





0 






sublimate 






190 

? 

2.50-2.40 



Yellowish 


V 



A 

IDl 

? 

2.52 



Bliiisb-grecn 



IPerf 


0 
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INDEX 

OP REF. 

NAME 

COMPOBITION 

RBMAItirH 

1 

1.47 

TRIDYMITE 

SIO 2 

SaliiUi ii baHni NaiGOa, dllliriltiitini it fnA iiiaib. 

2 

1.462 

LECHA7E- 

umm 

SiOs 

Naturally fused quartz from fulgerite. 

3 


MELANO- 

PHIXXJITE 

Fe.Qj-SOi-C’SiOr 

H-O 

In minube cubos and spherical aggregates. B3.| turns blaidc. 

4 

1.486 

CRISTOBOLITE 

SiOz 


5 

1.44± 

OPAL 

SiOrnHjO 

Soiubla li KOH. SamtlHai i rich |Uy of nbR. 

6 

1.483 

SODALITE 

SNaAISiO^NaCI 

Brittle. In C.T., blue varieties become white and eparae 

7 

1.400 

HYDRO- 

NEI’IIELTTE 

2Na20-3AlAGSi0r 

7 H 2 O 

B.B., gives a white enamel 

8 

1.495 

NOSELITE 

SNa^O-aAlsOa-eSiOr 

2S08 

On coil with soda, gives the sulthle test 

9 

1.619 

SCOLECITE 

CaOAIsOji-SaOr 

3HiO 

B.B.. sometimes curls up liNe 1 worm. 

10 

l.S2S± 

TH0M50KITE 

(Gl,Nl'i)0‘M:0j- 

2SiO,-2}H,0 

B.B., gives e white enamel. A zeolite. 

11 

1.487 

ANALCITE 

Nan0Mi03-4Si0r 

2H3O 

BritUa. In C.T., ytoMs water. 

12 

1.482 

NATROLITE 

Na.O Al^Oj-SSiOr 
2H,0 

In C.T«, whitens ijid becomes epaqui- 

13 

1.505 

MESOLITE 

Na:Q-2Ca0'3At203- 

9Si0raH20 

B.B., becomes epaque, swells up; worm-llire forms. 

14 

1.475 

ITILOLITE 

((XNa3,K'j)0'AIA' 

KiSiOrSHjO 

B.B., gives a clear glass. A zenlite. 

15 

1.510 

mm>Ch 

MimiTE 

2Ca0Nai^>-3A1..0!i- 

SiSiOrSHiO 

Near mesolite. 

16 

1.52 =b 

OKENITE 

CBO-2SiOi-2Hrf) 

In C.T., yields water. 

17 

1.475 

LAUBANITE 

2 Ca 0 Als 03 - 5 Si 0 r 

6 JI 2 O 

Fuses to a blobhy mass. 

IB 

l.r}36 

ANTJIOPYLLITE 

K.O'8CaO'l(;SiO!' 

IKH/) 

In C.T.^ exfoliatea^ whitons; yields acid water. 

lU 

1.508 

GONNAllDITE 

CaaNa^AlgSiijsO^o' 

HHsO 

A zeolite. 

20 


HEINTZITE 

K20'4Mg0{)B203- 

mw 

B.B., colors the flame green. 

21 

1.56 

FARATSIHITE 

(Al,Fe)A'2SiOr 

21W 

B.B., gives a grayish glass. Clings to the tongue. 

22 

1.483d: 

CHABAZITE 

(Na2 Ca)0 AlaOa* 
45ia26H2Q 

Brittle. B.B., Intumesces; fuses to a blebby mass. 

23 

1.539 

GISMONDITE 

Ca0'AlA’4Si02' 

4H.iO 

In C.T., yields water; becomes opaque. 

24 

1.47db 

6MELINITE 

(Na 2 ,Ca) 0 -Al 203 - 

45i02-6H20 

Brittle. B. B.. gives a white enamel 

25 

1.526 

KALIBOJllTE 

KA4MgO-llBA‘ 

IBHiO 

B.B., a colorless glass. Slightly soluble in water; gives an 
alkaline reaction. 

26 

lilO 

EPISTILBITE 

Ca0-AIA‘6Si02* 1 

\ 

Brittle. B.B., gives a vesicular enamel 

27 

lira 

PHILLIPSITE 

(KKiCalOs'AljOs’ 
4Si02 4)H20 

Brlltle. B.B., crumbles and fuses to a white enamal. 


295 







MINERAL IDENTIFICATION TABLES 



296 

















MINERAL IDENTIFICATION TABLES 


GROUP 11 

Specific Gravity 2.32-3.M 




NAH£ 

CdMFOSITIOiV 

REMARKS 

28 

1.496 

LEVYNITE 

CsO-AlsOaSSiOi- 

SHsO 

Britila. B.B., iiitumeace.s and fuses to a white blebby mass. 

29 

1.496 

DACHIARDITE 

3(Ca,Na:,K2)0' 

2Al2Qal8Si02-14H:0 

A zeolite, B.B.| decrepitates, exfoliates, fuses to a white 
enamel. 

30 

1.492 

STELraiTE 

Ca0Als0j-7Si02- 

7 H 2 O 

A member of the zeolite group. 

31 

1.524 

LAUMONTITE 

Ca0Al203'4Si0r 

4 H 2 O 

B.B., gives a white enamel. 

32 

1.485 

HEULANDITE 

Ci0-/U,0.rfSi0r 

SH 2 O 

Brittle. B.B., eifollates and cirrves into fan-liho or vermicu- 
lar forms. 

33 

1.498 

STILBITE 

(Na2>Ca)0AL.0a- 

BSlOseH^O 

Brittla. B.fi., eifoliatas and curves into lan-llke gr vermicu- 
lar forms. 

34 

1.534 

WAYELLITE 

4AIPOr2AI(OH)3* 

9 H 2 O 

Brittle. Soluble In KOH. 

35 

1.475 

MORDENITE 

(Ca,Na2)0'AlC03- 

9Si02'6H20 

Brittle. B.B., gives a white enamel. A zeolite. 

36 

1.60ib 

KOxNINCKITE 

FeP04-3Hi0 

. 

37 

1.524 

GINORITE 

2(;aO-7BA-SH20 


38 

1.527 

HYDRO- 

MAGNESITE 

IMiCOa-MKOH):- 

3 H 2 O 

In CJ.» yields water and C02- 

39 

1.543 

GORDONITE 

Mb0'AI'j03*P205‘ 

9 H 20 


40 

1.40± 

CHRYSOCOLLA 

CuSi0.r2H20 

In C.T., biackins and yields water. Colors the Ramn green. 

41 

1.571 

ROEMEUITE 

FoSOrFe 2 ( 804 ) 3 - 
12 H 2 O 

Brittle. Soluble in water. Tastes saline. Astringent. 

42 

1.518 

NKWBERYITE 

MgHP04-3H20 

Soluble in HNO 3 . 

43 


TEEPLEITE 

NaJl 204 - 2 NaCI- 

41120 

Flat beveled plates, usually rounded into flat cushions. Borax 
Uke. Calif. 

44 

1.584 

SCHROETTEUITE 

8Al2O3-3aSiO2-30ll3O 

A clay mineral. 

45 

1.479 

J’ERRIERITE 

2 (Mg,Na 2 ,H 2 ) 0 - | 

AlzOa'SSiOa 


46 


STURTITE 

6(Mn,Ca,Mg)0- 

FeaOa-SSiOgMHiO 

BJ3., gives a magnetic mass. 

47 

1.490 

FLUELLITE 

AIF 3 H 2 O 


48 

1.553 

HYDROCALUMITE 

i 

IP- 

P 

If 

5 


49 

1.529 

QUETENITE 

MgOFBsQs'SSOr 

ISH 2 O 

Decomposed by water with separatior of iron sesiiuioxide. 

50 


MAUFITE 

(Mg,Ni.Fe)0. 

2Al20a*3Si02-4H20 


51 

1.643 

C-ASTANITE 

Fe 2 Q:r 2 S 03 -BHaO 

B,B., changes color from orango to brown to black. Do 
composed by HsSOj. 

52 

1.61 

DIADOCHITE 

2Fe20s'2S02PA' 

12 H 2 O 

In C.T., yields water, swells up and becomes lustrous. 

53 

1.558 

PARAVAUXITE 

FeO-Al-Qs-PaOs* 

SHi^O 


54 


MELITE 

2(Al,Fo)A*Si02- 

8 H 2 O 

BJ3., gives off water and the residue beoome.s brown. 

55 

1.487 

LEONITE 

E20'MeO-2SQ3-4H20 

Soluble in water. 

56 

1.625 

destinezite 

2 FeA-F!Oi' 2 SOti- 

I 3 H 2 O 

In C.T., yields much water. 
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B 

SF. GB. 

F 

57 

3 

2.22 

iilasy 

58 

2-4 

Z.24-2JI 

Inf 

59 

2.5-3.5 

2.4-2.3 

Inf 

60 

2-3.5 

2.2-2.Q 

5-6 

61 

2^-3 

2.26 

Inf 

82 

2.S-3 

2.19-2.07 

1.5-2 

63 

2.5-3 

22 

Inf 

64 

2.5-3 

2.14-2.11 

1.5 

65 

2.5^ 

2.18 


66 

2^ 

2.5-2.2 

Easy 

67 

2-3 

2.14 

Inf 

68 

2^ 

2.2 

3 

69 

2-3 

2.1 


70 

2^ 

2.2 


71 

2-3 

2.15 

Easy 

72 

2-3 

2.2 

3 

73 

2-3 

2.10 

3 

74 

2-5 

2.14-2.1 

Inf 

75 

2-3 

2.151 

Eai^ 

I 

76 

2.5 

2,28-2.23 

1.5 

77 

2.5 

2.6-2.1 

1.5 

78 

2.5 

2.1 

2 

79 

2.5 

2J-2.12 

3 

80 

2.5 

2.11 

4.5-5 

81 

2.5 

2.12 

4.5-5 

82 

2.5 

2.10 

4.5-5 

83 

2.5 

2.31 

^asty 

84 

2.5 

2.14 
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HCL 


COLOR 


LUSTER 


CLBAV- 

AUR 


FRACTURE 


avp- 

|m 

M 


Dcpd 

Dcpd 


Dcpd 

Sol 

Sol 

ISoI 

Sol 

Sul 

Sol 

Sol 

Sol 

Sol 

Sol 

Sol 

Sol 

Sol 

ISol 

Dcpd 

ISol 

Sol 

|sqI 

Sol 

Sol 

Sol 

Sol 

Sol 


IWhite 

Groen to blue 
Grysh, irnih, rdsh 
whito, white 

|WhitQ, yoUow, 
green, red 
White, bluish 

Colorloss, white, red 

I White, violet 

White, griy 

Brown 

Drown, yollow, white 

White, pink, 
ylwsh, bluish 
Rose, pink 

Pale blue 

Pale blue 

iBlack 


Palo green, white 
Pale pink 

Golden, white, green 
Black 


Colorless, bluish, 
green, yellow, rdsh 

Colorless, rod. hluo, 
purple 

V^ite 

Blue, greenish 

Red orange 
Reddish violet 
Yellow, reddish, 
violet 
Yellow 

IWhiUi 


Whiti 


V,I) 

V,E 

P,V 

|0 


Perl 


Conch 

Brittle 


Dist 
I Cubic 

Perl 


Uneven to 
subconch 


Yellow to white 
White 


|V, G 
P 


Piirf 


iBrownish 


w,v,r 

R 

t 

V 

V 


lpl*rf 

None 


Flexible 

lUneven 


Uncolored 

iLemon yellow 


Perl 

Perf 

Imperf 

Porf 

Perf 

Perf 

Nimo 

iFair 


Conch 


Conch, 

Brittin 

Brittle 


Conch 


M 
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INDKX 

OF RKF. 

NAME 

COMPOSITION 

REMARKS 

57 

1,603 

CRESTMOIllKTE 

4Ca0-lSi027H20 

B.B., gives a slightly VMcular glass. 

58 

1.40± 

CHRYSOCOUA 

CuSiOs-ZH^O 

In C.T., blicfcnns and yialds water. Colors tho flame groon. 

59 

I.S6S 

GIBBSITE 

AL(0H)3 

Soluble In H 2 SO 4 . In C.T., yields water and beeemiF wbiti 
and opaqua. 

61) 


DEWEY1J.TE 

4Mg0^3Si02-6H20 

In C.T., yields much water. 

61 

lJi34 

zmo 

ALUMINITE 

GZnO-aAljQj-ZSQi- 

IgU/) 

In C.T., yields much water. 

62 

1.505 

KAINITE 

MESO4KCI3H2O 

Soluble in water. 

C3 

1.52 

HymOPHILITE 

KOI-CaCli 

Strongly hydroscopic. Tastes bitter. 

64 

1.492 

TRONA 

NijCOjNaHCO,- 

2 H 2 O 

Soluble in water. In C.T., yialds water and CO2* 

65 

1.558 

LOUDER- 

lUCIKITE 

2 Ke(> 3 (Fe.AI)j 03 - 

10SO,-35HiO 

Soluble in water. 

66 

1.6:i5± 

PrrTlCITE 

Hydrated ferric 

ASO 4 and SO 4 

In C.T« yicld.'^ water and SO^ 

67 

1.540 

BRUfi- 

NATELLITE 

r.MgO.FoA.C 02 - 

I2II2O 

Micacenus, lamellar. B.B., turns golden and become mag- 
netic. 

68 

1.549 

COBALT 

CHALCANTHTTE 

CoO-SOa-SHoO 

Soluble in water. 

G9 

1.534 

ZINC (X)PPER 
CHAUJANTHITE 

ZnOf!uO-2SOs- 

lOHjO 

Soluble in water. 

70 

1.53G 

IRON CUPPER 
CHAIiCANTHTTE 

KcO-CuOaSOa- 

ISHjO 

Soluble in water. 

71 

1.582 

CHINCV 

LUSUITE 

2 (Na,K) 20 - 

5(Mn,Ca)0- 

3(Ti,Zr)Oj. 

NSiOjStilsO 

Pale yellow in splinters. B.B., a dark glass. 

72 

1.537 

SIDEROTIL 

FiiOSOjSlljO 

Soluble in water. 

73 

1.508 

MANGANESE 

CIIALCANTHITE 

MnOSOa-aHaO 

Soluble in water. 

74 

1.565^:: 

PYROAURITE 

BMgOPejOj-W)!- 

12 HaO 

B.B., turns brown and becomes magnetic. 

75 

1.582 

CHINLUSUITE 

2 (Na,K)jO- 

5(Mn,Ca)0- 

3 (Ti,Zr)Oj- 

14Si03-9H20 

In C.T., swells, melts easily to a dark brown glass. 

76 

1.486 

BLOEDITE 

Na-O-MgO-SOa- 

4flaO 

Soluble in water. B.B., loses water rapidly. 

77 

1.544 

HALITE 

NiCI 

Soluble in water. Common salt. 

78 

1.463 

PIGROMERITE 

K!SOrMgSO,-(aijO 

Soluble in water. In C.T., yields water. 

79 

1.537 

CHALCANTHITE 

CuSOjSHaO 

Soluble in wator. A drop of solution on bright Iron coals T 
with copper. 

80 

1.605 

AMARANTTTE 

FeA-ZSOs-THiiO 

l.)i 3 Compr)se<l by cold water. 

81 

1.54i± 

QUi;NSTEI)TITE 

GOPIAPITE 

FeataCOjIOHaO 

Soluble in water. 

82 

1.543 

ZFejOa-SSOrlSHiO 

B.B. on coal, becomes magnetic. 

83 

1 1.59 

CHIURO- 

MANGANOKALmi] 

4Ka-MnClj 

Dclequesent From Vesuvius. 

8 ^ 

i 1.525 

KRAMERITE 

NaaO-ZCaO-SBaOs- 

lOliaO 

Possibly identical with probertite. 
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MINERAL IDENTIFICATION TABLES 


GROUP 11 

Specific Gravity 2..)2-2.00 



u 

SF. GK. 

V 

avi 

count 

STHEAE 

LUSTER 

aEAV- 

ACiE 

FRACTURE 

SYS- 

TEM 

85 

2.5 

2.29 

5 

Sol 

jNilc Lduu 



Porf 


TV? 

86 

2.5 

2.23 

Tnf 

Sol 

Colorksa 


V, G, P 

Good 

Conch 

M 

87 

2.5 

2.2 

Fua 


Cream, pink 


P, G 


Couch, 

0? 









splinteiy 


88 

2.5 

2.20 

1 ? 

Sol 

Colorless 



Perf 


T 

89 

2.5 

2J29 


Sol 

Colorless; yellowish 


Glasisy 

Pnrf 

tlnevon 

H,R 

90 

2.5 

2.1 

Inf 

Ptaol 

Pale ^sh bluoi 


Traces 


M 






indigo blue 






91 

2.5 

2 . 14 - 2.08 

Inf 

Sol 

Ylwah to bwnah wht 


W, V, P 

Perf 

Flexible 

H 

92 

2-4 

2.24-2.0 

Inf 

Dcp< 

Green to blue 

White 

V.E 


Conch 


93 

2 - 3.5 

2 . 2 - 2.0 

5-0 

ncpd 

White, yellow, 


G 


Brittle 






green, red 






94 

2 - 2.5 

2 . 3 - 2.2 

Inf 

Gelat 

Green, bluish 

Bluish, greeu 

D 


Subconch 

M? 

95 

2 - 2.5 

2 . 35 - 2.15 

2 

Sol 

Yellow 

Palo yellow 


Perf 


0 

90 

2 - 2.5 

2.21 

3 

Sol 

(klorlesa, yellowish 

1 

P, V 

Perf 


M 

97 

2 - 2.5 

2 . 5 - 2.0 

2 - 3 ? 

Sol 

Apple green 

Paler to white 

V 

Perf 


0 

98 

2 - 2.5 

2 . 14 - 2.04 

4 . 5-5 

Sol 

Red to yellow 

Oehre yellow 

V 

I)i.st 


M 

90 

2 - 2..5 

2 . 10 - 2.09 

4 . 5-5 

Sol 

White, yellow, violet, 


1 

Imperf 


R 






greenish 





100 

2 - 2.5 

2 . 1 - 1.9 

Inf 

!Sol 

Colorless, reddish, 


V 

Perf 

Brittle 

0 






bluish, yellowish 

1 

1 

• 




101 

2 - 2.5 

2.0 

Inf 

Sol 

Apple green 

W^hite 

V 

Perf 


0 

102 

2-2.5 

2.0 

5-6 

Gelal 

White, tinged 





0 

103 

2 - 2.5 

2.0 

5-0 

CiBlut 

White, tinged 




Fibrous 

0 

104 

1. 5-2.5 

2.09-2.05 

1 

Ins 

Yellow, grnsh, rdsh 

While 

R,G 

Imperf 

Conch to 

0 










uneven 


105 

2 

2.4-2i 

Easy 

PI sol 

Green, gray 


0 



M 

106 

2 

2 . 04 - 1.89 

4 . 5-5 

Sol 

Yellowish white 


s 



M7 

107 

2 

2.28 

3 


Chocolato brown 

Dk orange-ylw 

G 




10B 

2 

2.14-2.09 

1 

Sol 

White 

White 

V 

Perf 

Subconch to 

0 










uneven 


109 

2 

2 . 09 - 2.03 

Inf 

Sol 

White, brwiLsh tint 

White 

P,W 

Perf 

Flexible 

H 

no 

2 

2 .M .9 

2 

Sol 

White with red spots 



Perf 


M? 

111 

2 

2 . 49 - 2.13 


Sol 

Yellow 


1), H 

Perf 

Uneven 

0 

112 

2 

2,19 

Inf 

Golat 

White 


s 



07 

113 

2 

2.02 

Illaay 

Sol 

Light blue, green 





M? 
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MINERAL IDENTIFICATION TABLES 


GROUP 11 

Specific Gravity 2.32>2.M 



INDEX 

OF REF. 

NAME 

COMPOSITION 

KEMARiCS 

85 

1,525 

CHALCOALUMITK 

CuO-aAIjOjSQa-SHiO 


86 

1.555 

WHEWElXm 

CbOCjQjHjO 

Brittle. 

87 

1.525 

SPADAITE 

SHgO-eSiOrtilsO 

In C.T., gives water. B.B., gives a glassy enamel. 

88 

1.461 

DARAPSKITE 

3Na!0Ni0|i-2S03- 

211^ 

in water. In C.T., yields water. 

89 


UNGEMACHITE 

Na 4 (K,Fe"')j(OH)' 

(,S04),’5Hu0 

Brittle. 

90 

1.55 

milos(.:hite 

(AI,(!r)20s-2Si02- 

2HjO 

In C.T.. yields water. 

91 

1.573 

SJOGRENITE 

MgijFii 2 ( 01 I)ieC 03 - 

4 II 2 O 

B.B., e):foliatBs; tiim.s golden-brown then yellnw-brown and 
bocomea magnetic. 

92 

1.40± 

CHRYSOCOLLA 

Cu$i 03 ' 2 H 20 

In C.T., blackens and yields water. Colors the Oaino greon. 

93 


DEWEYLITE 

4MgO-3SiC)2-61i.O 1 

In C.T., yields much water. 

94 

1.585 

VOI^ 

CIIONSKOITE 

(O.Fe^ADaOa- 

2Si0r2H20 

B.B., blaekens. In C.T., yields water. 

95 

1.525 

SIDERO- 

NATRITE 

2Na20-Fe2Q3.4SQ3- 

THiO 

Uecotnposed by boiling water. 

96 

1.546 

BRUSHITE 

CaHP 04 - 2 H 20 

In C.T., whitens and gives off water at red heat. 

97 

1.6G2 

LINDACKElllTE 

SNiOBCuOSOj- 

2AajOv7HjO 

B.B., gives a Idaek licad. The HCI solution yields a yellow 
precipitate with li 2 S. 

98 

1.529 

BOTllYOGEN 

MgOFoO'FciAi- 

4 SO 3 I 8 H 2 O 

Slightly soluble in water. In C.T., yields water leaving a 
reiJdish yellow earth. 

9;) 

1.5.50 

(XKJUIMBITE 

Fe2(S04)3'9H20 

Soluble in water. Decomposed by boiling water. 

100 

1.480 

GOSLARITE 

KnOSOa^lIiO 

Soluble in water. In C.T., yields water. 

101 

1.489 

MORENOSITE 

Ni.S0.r71l20 

Soluble in H 2 O. B.B. on coal, glows strongly and yields SO 2 . 

102 

1.52 

SEPIOLITE 

2MK03Sj02-2H20 

In C.T., yields water. Fibrous Is alpha or para and tbd 
amorphous is bota sepiolite. 

103 

1.506 

PAllASEPIOLTTE 

2Mg0*3Si02*2H20 

The fibrous sepiolito is Alpha or Para. Bek is amorphous 
variety. 

104 

2.037 

SULPHUR 

S 

Burns readily with a blue llamo giving SO< 2 . 

105 

1.63± 

GLAUCONITE 

Hydrated silicate of 

K and Fe 

B.B., gives a black magnetic mass. 

106 

1.488 

HALOTRICHITE 

FcS04-A]..(S04)3- 

24HjO 

>Sol ubie in water. Fuses first in its own water of crytallizatloQ. 

107 


ELBRUSSITE 

Al,FB,Mg,etc 

SiOrHaO 

■ 

108 

1.504 

NITER 

KNO 3 

Brittle. Soluble in water. Colors nemo violoL 

109 

1.512 

HYDRO- 

TALCITE 

OMgO-AlaQs'lSriaO 

In C.T,, yields water. 

110 

1.534 

HYDRO- 

BOIUCITE 

CaO-MgO-SBaOg* 

GITjO 

In C.T., yields water. B.B., gives a clear glass. 

111 

1.561 

HUMBOLDTINE 

2FflCj04'3H20 

In C.T., yields water, turns black and becomes magnetic. 

112 

1.48 

ZEBE- 

DASSITE 

5Mg0AlA6Si02- 

4 H 2 O 

Fibrous. 

113 

1.483 

ZINC COPPER 
MELANTERITE 

CuOZnOffiOiMHaO 

Soluble in water. 
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MINERAL IDENTIFICATION TABLES 


GROUP 11 

Specific Gravity 2.33-3.M 



H 

5P. GR. 

p 

Ha 

COLOR 

STREAK 



FRACTURE 

sys- 

tem 

lU 

2 

2.23 

Inf 

Sol 

Colorl^ 


P 

iPerf 

Flexible 

H ' 

115 

2 

2.03 


mmn 

White 



■■■■ 


0 

116 

2 

2.1-2.0 



Wht, bluish, ^sh, 


W,P 

Perf 

Flexible 

H 





iniiii 

hrwnsh wht 





117 

2 

2.12 

Easy 


Colorless 


VtoS 

Perf 


Tr 

118 

1.5-2 

2.16 

Inf 

Sol 

Rose, lilac, pink 

Palo lilac to pink 

W.G,P 

Perf 

Flexible 

H 

119 

1.5-2 

2.32 

2.5-3 

Sol 

Wh, vorious shidos 

While 

P. Sv 

Perf 

Conch 

M 

120 

1.5-2 

2.15-2.05 



Lilac, rose-pink 

Pale lilac 

w,p. 

Perf 

Flexible 

H 

121 

1.5-2 

2.28-2JZ4 

1 

Sol 

Whito, rod, brown, 


Y 

Perf 

Flexible 

R 






{rayi IfBilow 






122 

1.5 

2.2 



Brown 






123 

1,5 

2.30 

Fus 

Dcpd 

Yollowish, brwnsh 


P 

Perf 

Flexible 

H? 

124 

1-2 

2.23-2.09 

Inf 

Ins 

Block tn griy 


M. D,E 

Perf 


R 

125 

1-2 

2.2-2.0 

Inf 

Dcpd 

Wh, gray, grnsh, 


P.W.D 


Conch 






ylwsh, bluish, rdsh 





126 

1-2 

2.15-2.0 

Inf 

Dcpcl 

White 


Glim- 










mering 




127 

1-1.5 

2.166 


Dcpd 

Ylwsh wht, 











ylwsh brwn 






128 

1 

2.03 

Fus 

Sol 

Colorless 


V ‘ 



M7 

129 

Soft 

2i0-2.24 

Diif 


Colorless, tinted yiw, 


G 









green, blue 






130 

Soft 

2.31 

4 

Gelat 

Dark green 



Mic 


M? 

131 

Soft 

2.32 



lied 




Fibrous 

T7 

132 

Soft 

2.30-2.18 

Inf 


White, grayish, reddish 

Creasy 

G 




133 

Soft 

2.25d; 

Inf 

Ins 

White, gray, red, grn 


Perf 



134 

Soft 

2.B-2.3 

Inf 

Dcpd 

Appio groon 


D 



0? 

135 

Low 

2.07 


Pale yellow. 





M 






greenish cast 






136 

? 

2.31 

Inf 

Sol 

Colorless, brown, 


S 

Good 


M 






amethyst 






137 

? 

2.1 

Inf 

Ins 

Yellow 






138 

? 

2,31 



Sky-blue 





0 

139 

? 

2.05 

Fus 

Sol 

Colorless 



Pris- 

Fibrous 

M 









matic 



140 

? 

2.16 

Ea^ 

Golat 

Colorless, yellow 



Perf 

I 


0 
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MINERAL IDEMTIFICAnON TABLES 


GROUP 11 

Specific Gravity 2A2-2.00 



INDEX 

OF KEF. 

NAME 

COMPOSITION 

RBMAWtH 

114 

1.574 

PORTUNDITE 

Ca(0H)2 

Seetile, cleavage plates flexible. Slowly soluble in water. 

115 

1.534 

ARTINITE 

2MgQC02-4H^ 


116 

1.524 

MANASSEITE 

Mg.AI,fOH)i.COr 

4HiO 

Grea^ feel 

117 

1.535 

MEYEItr 

HOFFERITE 

2CaO‘3B208-7H20 

B.B., gives an opaque enamel. ColaiB flame green. 

IIB 

1.542 

8TICHTITE 

6MgO' Cr203*C02* 
I 2 H 2 O 

Occurs in micaceous scales. 

119 

1.523 

GYPSUM 

CaS 0 .- 2 H 20 

In C.T., yields water and becomes opaipie. 

120 

1.557 

BARBERTONITE 

Mg«Cr,(OH)iBC03- 

4H-G 

Greasy feel. 

121 

1.587 

SODA NITER 

NaNOa 

Soluble In witer. Tastes cooling. 

122 


FERRO 

lULLOYSITE 

(Al,Fe)Ar2Si02- 

SHaO+AlA-FooOa 


123 

1.560 

JEFFERISITE 

10(Mi.Fi)O- 

4(AI,Fe)iO,IOSiOr 

7 H 2 O 

A vormiculite. B.B., opens out in worm-llko forms. A hy- 
drated mica. 

124 

2 . 0 ± 

GRAPHITE 

c 

Burns at high temparituras. Thin laminaa are flesibla. In 
contact with metallic Zu in CUSO 4 solution, it is coated 
with copper. 

125 

1.555 

HALLOYSITE 

M! 03 - 2 Si 0 .- 2 H 20 

In C.T., yields water. 

126 


COLLYRITE 

2Al20)-Si0s-9Hj0 

In C.T., yields water. Stioks to the tongue. GeUtanizee 
with HNQa. 

127 


HANUSITE 

IWgiSiaOi-liiO 


128 

1.487 

TAMARUGITE 

N»!SOcA1s(SO<)j- 

I 2 H 2 O 

Fibrous. 

129 

1.53+ 

SAI>ONITE 

Hydrous siliraila 
(d AI and Mg 

.Decomposed by B.B., gives off water and blackens. 

130 

1.565 

GRIFFITIIITE 

4(Mg,Fe,Ca)0- 

(AI,Fo):Q3'5SiOr 

7 H 5 O 

A member of the chlo ite group. 

131 

1.520:^: 

JANITE 

IlsOSiOjof 

FoAU'SiMs. 

Related to chloropal or celadonite. 

132 


CIMOLITE 

gAlsOs-gSiOrfiUrO 

In (/.T., yields water. Adheres to the tongue. 

133 

1.516± 

MONTMORILLON- 

ITIS 

(Mg,Ca)0-AlA' 

.■iSiOriiHsO 

Softens in water. A clay-like mineral. 

134 

1.59 

GARNIERITE 

(Ni,M|)0'Si0rnHiO 

A serpentine. 

135 


ROSICKYITE 

S 

Natural gamma-sulfur modiflcation. Minute caystale. 
Czockoslovakia. 

136 

1.581 

KORNELITE 

FetOs'SSOa-BHsO 

B.B., turns brtmii and assumes worm-like shapes. 

137 


DEECKEITE 

(H3C,Na)iO-(Mg,Ca)- 

(Al,FB)j(SiA)s- 

BHsO 

B.B., becomes opaque. A pseudomorph after melilite. 

138 

1.491 

MERCALLITE 

KHSO 4 

A stalactite from the crater of Vesuvius. 

139 

1.541 

LUENEBERGITE 

MgsCFOtla-BsOs- 

SHsO 

In flattened masses; fibrous to earthy structure. 

140 

1.501 

EFIDESMINE 

CaOAliOa-fiSiO.- 

6 H 3 O 

In G.T., gives water. 
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MINERAL IDENTIFICATION TABLES 


' GROUP 11 
Specific Gravity 2.32>2.N 



H 

SB. GB . 

141 

7 

2.3 

142 

? 

2.11 

143 

? 

2 .iri 

144 

? 

2.17-2.15 

145 

7 

222 

146 

7 

2.26 

147 

7 

2.20 

148 

7 

2.23 

149 

7 

2.25 

150 

7 

2.2 

151 

? 

2.23 

152 

7 

2.25 

153 

7 

2.0 

154 

7 

2.3 

155 

7 

2.11 

156 

7 

2.0 

157 

7 

2.18 

158 

7 

2.15 

159 

7 

2.16 

160 

7 

2.0 

161 

7 

2.3 


F 

HCL 

COLOK 

STBEAE 

LUSTEH 



1 

Dili 

Sol . 

Wht, grosh, bluish, 
grn, rdah, ylwsh 
ColorlosB 


G 

Porf 


O’ 

Sol 


Basal 

Granular 

0 

Easy 

Sol 

White 



Good 

M 

Light gray 

White 








Porf 


M 

kf 

It aol 

lied, white, various 
colors 

Yellowish 



Perf 

Fibrous 

07 



Inf 

Sol 

Chalky white, pale blue 

Yellowish greou 

Yellow, brown 

(>lear blue 



Mic 


M 



Fibrous 

0? 

A 

Inf 

Sol 




17 

Sol 



Porf 


M 

Dark gray 

Gray 

Gray, grnsh tinge 

Pale violet 








Perf 


I 






M? 







R 

Easy 

Sol 

White 


P 


Fibrous 

0 


P 










T 





• 



M? 










White, light yellow 
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MINERAL IDENTIFICATION TABLES 


GROUP 11 

Specific Gravity 2.32-2.M 



INDISX 

OF REF. 

NAME 

COMFOSITION 

REMARKS 

41 

1.57± 

BOWLINGITE 

Silicate of Fe,Mg,Al 
and H/) 

B.B., gives water and blackens. Close to saponite. 

42 

1.528 

PATERNOITE 

MgBiDi3'4HjO 

Related to larderellite. 

43 

1.480 

KALICINITE 

K20-2C02Hj0 

Soluble in water. 

44 


HYDRO- 

GIOBEBTITE 

2Mg0C02-3H20 

Probably a mixture. 

45 

I.SOO 

NAHCOLITE 

Na20*2C02'H20 


46 

1.476 

ARDUINITE 

Ca 0 'Na 20 ‘ 2 Al 203 ' 

SSiOa-SHoO 

In (M., yields water. A zeolite. 

47 


KARAOHAITE 

MgOSi02-H20 

.An a.sbestiform variety of chrysotile. 

48 

1.553 

ALUMOHYDRCV 

CALCITE 

0a0-Als0!j-2C02- 

5 H 2 O 


49 


LABITE 

HzMeSiaOg'HiO 

Occurs as fibers in serpentine. 

50 

1.5± 

ROSlEaiESITE 

Hydrous phosphate 
of Al,Pb and Cu 

B.B.I blackens. In C.T., yields water. 

31 

1.486 

CYANOCHROITE 

K 20 Cu 0 - 2 S 03 - 6 H 20 

Soluble in water. FVom Vesuvius. Isomorphous with 
picromerit. 

52 


LUCIANITE 

A clay 

Colloidal, lu water swells to many times original volume. 

153 

1.370 

CRYPTOHALITE 

2NH4FSiF4 

Observed in a Vesuvius fumerolc. 

54 

1.641 

ABKHAZITE 

Variety of amphibolo 
asbestns 


55 


P.ARACXKJUIMBITE 

Fe2(S04):r9H20 

iihombohodral roquimbite. 

56 

1.44 

ERIONITE 

(Na,K)20-2Al203- 

Ca()12Si02l2H20 

A zeolite. B.B., gives a door colorless glass. 

57 


BATAVITE 

4MgOAl2Q3-4Si02- 

4 H 2 O 

Occurs in pearly micaceous scales. 

58 

1.470 

ciilelOewpiite 

K2Na4Mg2(S04)5- 

5 H 2 O 

May be identical with lo?.wcite. 

59 

1.488 

DOUGLASITE 

2KCl*FeCl2-2H20 

Formed by alkaline waters at Douglas Springs, Arizona.(?) 

60 


HYDRO- 

THOMSONITE 

(H2,Na2,Ca)- 

Al2Si208-5H30 

A decomposition product of thomsonite or scolecite. 

61 


ARDEALITE 

CallPOjCm-AHsO 

Fine cry-staline powdery mineral. 
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MINERAL IDENTIFICATION TABLES 


CROUP 12 

Specific Gravity 1.99 And Lower 









CLBAV- 


STS- 


B 

SP. QR. 

P 

HOL 

COIX)H STKRAR 

LUSTER 

AdE 

FRACTURE 

TEM 

1 

SJ-M 

2.3-I.9 

Inf 

Ins 

Wflite, yellow, rod, White 

V. H,P 


Cench 







brown, green, etc 





2 

5 

1.92 

3 

DqKl 

White, brown 

V,A 

Dist 

Uneven 

1 

3 

2.54.5 

1.S7-1.73 

luf 

Ft ml 

Orange, green, ylw 


Perf 

Conch to 










splintery 


4 

3.54 

1.94 

Inf 

S/il 

Colorless, white, tinged White 

V,ll 


Sukvnch 







yellow or bluo 





5 

3.54 

2.0-1.57 



.let-black 

Brilliant 

None 

Couch 


6 

34 

1.91 

Ea.sy 

Sul 

Colorloas 


l>is- 

Brittle 

M 








matic 



7 

a.5 

1.IB 

Inf 

Dcpd 

Whitt 

G.D 

Traces 

Subconch 

T? 

8 

3-3.5 

2.05-1.95 



Greenish-white, 










green, yellowish 





9 

3 

1.89-1.85 

Inf 

Gtilat 

Colorless, green, Uncolured 

V, Sr 


C’oncb 







blue, yellow 





10 

3 

i.a5 

Fufl 

Sol 



Indist 


M? 

n 

3 

1.88 

1 

Sol 

White 





12 

3 

1.83 


.Sol 

Yellowish gray 





13 

2.]W.5 

1.0.3 



( Vilorlaas, white 

V 

Good 

(■ouch 


142.54.5 

1.87-1.73 

Inf 


Orange, grn, vlw 


Perf 

Conch to 










splintery 


15 

2-3 

1i5-1.93 

1.5 

Sol 

White, yellowish Uncolored, 

V 

Perf 

Conch 

M 






white gray 





16 

2^ 

1.82 

DifT 

Dcpd 

Yellow to bronae, red Yellow 

G 

Perf 



17 


1.90 

Inf 

Sol 

White, yellow, brown 

1) 




18 

2-3 

1.9 

Fasy 

Sol 

Blue 

V 

Easy 


M 

102.5 

1.98 

1 

Sol 

Azuni blue 

V 

Dist 

Conch 

M 

20 2.5 

1.98-1.94 


n sol 

Bluish grn changing Nearly white 

D 

None 

(.yOllCh 







to black 





21 

2.5 

1.84 

Inf 

Sol 

Colorless, white 

V.G 

Perf 

Splintery 

0 

22 

2.5 

1.09-1.54 

Inf 

Sol 

White 

V, I) 

Dist 


Tr 

23 2.5 

1.91 

Easy 

Sol 

White to Rolorle*? 

V,P 

Perf 


U 

24 

2.5 

1.99-1.85 


Sol 

Brown, reddish 




A 

25 

2.5 

1.09 








2ril2.5 1 

1.05 



Pale ylw to reddi^ 










brown 





27 

2.5 

1.93 

inf 

Sol 

Amber, yellow 


Perf 



28 

2.5 

1.725 


sol 

Water-clear, yellow 


None 

Conch 

M 

29 

2.5 

1.76 


Sol 

Yellowish 


Perf 


M 

30 I 2.5 1 

1.05 



Yellow, whitish 





31 

2.5 

l.Bl 

4.5-5 

Sol 

Orange-yellow 




ii 
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INDEX 

OP REF. 

NAME 

COMI'O.SITION 

REMAllKS 

'l 

1.44± 

OPAl 

SiOs-nHjO 

Soluble in KOH. Sometimes 1 rich play of colors. 

2 

1.480 

FAUJASITE 

Nai0(^0'2Alj03- 

lUSiO!' 20 H.Q 

B.B., fuses with iniumeaccnoe to a white blebby enazDel. 

3 


CHLOROPAL 

FeA-aSiOa'SHaO 

In C.T., yields water. B.B., turns black and becomefi 
magnetic. 

4 

1.485 

EVANSITE 

tlAlaOj'l'aOii* IHiliO 

In C.T., give,s neutral water; decrepitates, leaving a milk- 
white powder. 

5 


THUCHOLITE 

C and rare elements 

Brittle. A carbonaceous material from a pegmatite. Ex- 
plodes when heated. 

G 

1,520 

PROBERTITl!: 

MaABeOir^HsO 

B.B., whitens then fuses quietly to a clear glassy bead. 
Crushes into long splinters. 

7 

1.507 

THAUMASITE 

C 2 Si 0 ;)'ClC 0 ,y 

CaSOvISH^O 

In C.T., docropitates giving much water. 

8 

1.584 

SCHROETTMITE 

(tAlA-3aiOs-30HaO 

A clay mineral. Resembles allophane. May be a mixture. 

9 

1.48± 

ALLOPHANE 

Al2Si05'5H-.0 

Brittle. In C.T., gives much water. 

10 

1.51 

KURNAKOVITE 

Mfi2RrAi-131l20 

BE., a white enamel. 

11 

1.45B 

MENDOZITE 

Na,Saj-Als(S04).v 

24H-.0 

In C.T., yields water. 

12 


IDIUZITE 

(MK,FB)(Al,Fe)y 

Si||()j.rl 6 H 20 

Insoluble in water. 

13 

1.521 

INDKKBORITE 

CaMijBiOsfllUiU 

■ 

14 


(mOROPAI. 

l-’e2()3'3Si02-5H20 

In C.T .4 yielils water. BJ)., turns black and becomes 
magnetic. 

15 

1.516 

GAYLUSSITE 

CaC03NazC0a'5H20 

In C.T., decrepitates and bNomes opaque. 

16 


STILPNO- 

(.11LORAN 

H 34 (Al,re),„(Ca,Mg)- 

Si() 0 <R 

In C.T., yields water and blackens. Feels greasy. 

17 

1.505 

VASHRIVITE 

4A1o03*3P205-30H20 

Sticks to the tongue. 

18 

1.479 

PISANITE 

(Fe.Cu)0-SC):r7H,0 

•Solul)]e in water. B.B., reacts for copper. 

19 

1.578 

KROEHNKITE 

EuS(>4Na2.S04-2HA 

B.B., fuses to a green mass. Soluble is water giving an acid 
solution. 

20 

1.51 

lUCEWINITE 

2(Al,Fe)?.Or5Si02' 

9 H 2 O 

Adheres to the tongue. In H 2 O slacks and falls to pieces. 

21 

1.501 

NEStilTEIlONlTE 

MRCO;r3H20 


22 

1.468 

LANSraiUITE 

3MR(X)aMg(011)2. 

2 IH 2 O 

Alters to nesquehonite. 

23 

1.472 

KERNITE 

Na20BAr4H20 

Fuses to a glass. Breaks into long thin fibers and laths. 

24 

1.710± 

DELVAIJXITE 

2Fe..()5p20r,-9H20 

.Amorphous' connretionH. 

25 

1.542 

TEI.EGD1TE 

A fossil resin 

Partly soluble in alcohol. 

26 

1.541Na 

AJKAITE 

A fossil resin. 

On beating gives off H 2 S. 

27 

1.560 

TRUDELLITE 

4AlClr3Ala0.v 

3S0rr36H20 

Delequesent. 

2B 

1.4B5 

PHOSPHOR- 

RbSSLERITE 

MgHPO^-IHzO 

Probably identical with wapplarite. Sol in HjO. In C.T.. 
whitens. 

29 

1.476 

KIROYITIS 

(Fe.Mg)S04-7H20 

Magnesium melantorite. 

30 


BACALITE 

A fossil resin 


31 

1.543db 

IHLEITE 

Fe2(S04)3l2H20 

Soluble in water. 
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H 

1 BP. QB. 

P 

HCL 

COLOB 

STREAK 

LUSTER 

CLEAV- 

AGE 

FRACniBE 

SYS- 

TEM 


0.9 e 

Lfi5 

4 5-5 

So] 



S,P 



M? 

33 

2-2i» 

2.1-1.9 

Inf 

Sol 

CoIotIbbs, rdah, 


V 

Perf 

Brittle 

0 






yellowish, bluish 






34 

2-2.5 

I.D7 

Easy 

Ins 

Black 

Rich brown 

Brilliant 

None 

Conch 


35 

2-2.5 

1.76 

1 

Sol 

Yellowish gray, 


V 

Diet 


0 






lemon ynllow 







2-05 

UTS 

Inf 

1 





Perf 


H 

37 

2*25 

1 75 

Sol 

White 


V 



1 

38 

2-2.5 

1.10-1.05 

Malts 

Yellowish, rdsb, 

White 

R 

Nona 

Conch 







brown, whitish 






39 

M.r> 

1.75 

1 

Sol 

White 

White 

V, E 

Perf 

Conch 

0 

40 

2-2.5 

1.72-1.60 

1-1.5 

Sol 

White, sometimos 

While 

V.H 

Port 

Condi 

M 






tinted 






41 

2-2.5 

1.65-1.55 



Yellow, rdsh, brwnsh 

White 

H, V 

Indist 

Conoh 

T 

42 

2-2.5 

2 

1 94 

Fiis 

2 

Sol 

Blue 



Iinpcrf 

Uneven 

M 

43 

3.0-1.9 

Sol 

White with rod spots 



Perf 


M? 

44 

2 

119 



Brown 






45 

2 

1J7 

1.5 

Sol 

Whiu, tiui, ylw, rad, 


V 

forf 

Uneven 

1 






from inclusions 






46 

2 

1.89 

Easy 

Sol 

Green to white 

Unoolored 

V 

Perf 

C'oncb 

M 

47 

2 

1.8-U7 

4.5 

Sol 

V'ellnwi^h 

Yellow 




H? 

48 

2 

1.7-1.65 

3 

Sol 

X Willi VfliJII 

Ylw to brown, white 

v' 

Good 

Conch to 

0 










uneven 


49 

2 

1.61 

1 

Sol 

Whito stainud 


V 



M 


yellowish brown 






50 

2 

1.87 

Fus 


Colorless 


V 

Good 

Irregular 

M 

51 

2 

1.87 



White to yellow 













52 

2 

1.67 

1 

Sol 

Yellow 



Good 


R 

53 

2 

1.76 

1 

Sol 

Colorless 



None 



54 

2 

1.21? 

Diff 

Ptaol 

iwop 

White 



None 




55 

2 

2.04-1.89 

4.5-5 

Sol 

Yellowish white 


s 



M? 

50 

2 

1.92 

Kamr 

Sol 

Flmh to roso red 


V 



M 

57 

2 

1,72-1.68 

aaaj 

1 

Sol 

Colorless 



None 


M 

01 

58 

1.5-2 

1.8-1.6 

Inf 

Sol 

White tinged red or 


v,s 



M 






yellow 






59 

1.5-2 

1.53 

1 

Sol 

White, yellowid, 


V 

Imperf 

Conch 

1 






grayish 






fifl 

1.5-2 

1.48 

1.5 

Sol 

White 


V 

Perf 


M 

WJ 

61 

1-2 

1.50 

1 

Sol 

White 


V 

None 
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INDEX 

OF REF. 

NAME 

COMFOBinON 

REMAftgg 

32 

1A33 

FIBROFERRITE 

Feib8-280slOH.O 

InC.T.,yield3H20andH3S04. DecomposedbyboiliDgwater. 

33 

1.480 

GOSLARITE 

ZnO-SOa-THsO 

Soluble in water. In C.T., yields watw. 

34 



GILSONITE 

Hydrocirbon 

Brittli. A natural isphatt from Utah. Burns with a brilliant 
flama iika sealing waa. 

35 

1.523 

MASCAGNITE 

(NiWsSO. 

In C.T., yields water and sublimes. With lime gives NHa< 

36 

1.488 

ETTRINOrrE 

6CaO-AIA‘3SOs- 

331120 

Slightly soluble in water. B.B., swells upi 

37 

1.452 

KALINITE 

K,S0.Al2(S04)f 

24HiO 

Mdts in ils iwn witir of crjitlilliiillDiL 

3B 

1.535± 

SUCCINITE 

(AMBER) 

Hydrocarboo 

Fossil resin. Somatimas cantains bugs and sticks. 

39 

1.455 

EPSOMITE 

MgSOtTHiO 

Fuses at first then finally givi\<] an infusible alkaline mass. 

40 

1.470 

BORAX 

Na2B407‘10H20 

B.B., puffs up bafara fusing. 

4] 

1.539 

MELLITE 

AlnCiaOij-lSHaO 

In C.T., yields water. Soluble in HNO^. 

42 

1.48 

BOOTHITE 

Cu0-SQ3-71l20 

Brittle. 

43 

1.534 

HYDROBORACITE 

UaO'MgO-SRsO]- 

eiisO 

Ill C.T., yields water. B.B., gives a clear glass. 

44 

1.542 

KISCELLITE 

Hydrocarbon 

A sulfur-liearing resin. When heated 1123 is evolved and it 
burns with a smoky flame. 

45 

1.490 

SYLVITE 

KCI 

Haatnd with H 2 SO 4 , it yields HCI. Cnlars flame vielaL 

46 

1.478 

MEUNTERITE 

FcSO^-THiO 

On coal, becomes brown, red, black and magnetic. Soluble 
in water. 

47 

1.820 

CYPRUSTTE 

7Fe203-AJ203'10SQ8* 

I 4 H 2 O 

Slightly soluble in water. 

48 

1.496 

STRUVITE 

NH4MgP04-6H20 

In C.T., gives off water and ammonia. 

49 

1.441 

STERCORITE 

HNa(NH4)P04-4H20 

Fuses to a clear colorless glass that is soluble in water. 

50 

1.505zb 

INYOITE 

1 

2Ca0-3B20]-13Hi0 

Colors the flame green. B.B., decrepitates and fuses with 
intumescence. 

51 


BILINITE 

F0O-FejO3-4SOii' 

24H.O 

A ferric iron halotrichito. 

52 

1.526 

TACHHYDBITE 

CaClr2MgCl3-12H20 

Delequesent. 

53 

1.456 

ALUM 

E:0Al:0>r4S03- 

24HiO 

Natural potash alum. Soluble in water, 

54 


TERMIERITE 

AlA-tiSiOil8HjO 

Clay-liks. 

55 

1.488 

HALOTRICHITE 

Fe804'Al2(S04)j 

24 H 3 O 

Soluble in water. Fuses first in its own water of crystalli- 
zation. 

56 

1.483 

BIEBERITE 

CoSOi-THjO 

In C.T., yields water and SOa. 

57 

1.470 

BOUSSING- 

AULTITE 

(NH4)jS0.-M*S04- 

eHiO 

Soluble in water. 

5$ 

1.476 

ALUNOGEN 

A1,(S04)i'18Hi0 

In C.T., yields water and HaSOt. 



SAL AMMONIAC 
(SALMIAC) 

NH4a 

In C.T., it sublimes. 

K 2 


MIRABILITE 

Na,SO4l0HA 

Soluble in water. In air loses its water and falls to a powder. 

61 

1.459 

TSCHERMIGITE 

(NH4)jS04-Alj(S04)r 

24H:K> 

In C.T., yields water. B.B., sublimes. 
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INDEX 

OF REF. 

NAME 

COMPOSITION 

RKHAHKS 

02 


ALBERTITE 

(UBQUTE) 

Hydrocarbon. 

A mineral a.<?phalt. 

63 

1.464 

ALUMINITE 

AIA-SQj-9HsO 

In C.T., gives much H 2 O wbidi at high temperatures is add. 

64 

1.507 

BISCHOFITE 

MgCl2-6H20 

Soluble in water. , 

65 

1.462 

APJOHNITE 

MnS04Al3(S04)8‘ 

24HiiO 

Soluble in water. Tastes like alum. 

66 

1.536 

TESCHE- 

MACHERITE 

(NH4)2-C02HjC03 

In C.T.i yields water and ammonia fumes. 

67 

1.309 

ICE (WATER) 

HsO 

Molts at ordinary temporaturos to noulral water. 

68 

1.506 

THERMONATRITE 

NejOTb-HjO 

Seotile. Tastes alkaline. 

69 

1.425 

NATRON 

Na 2 C 03 ' 10 H 20 

Brittle. Soluble in water. 

70 

1.480 

PICkERINGITE 

MgS04-Al2(S04)3- 

22 H 2 O 

Soluble in water. Has an alum taste. 

71 

1.504 

ULEXITE 

NatO ZCiO'SBiOi- 
ISHsO 

Not soluble in cold water but soma in hot water. 

72 

1.474 

CARNALLITE 

KMidj'SHtO 

strongly phosphorescent. Tistes bitter. 

73 

1.456 

SASSOLITE 

B(0H).<, 

Soluble in water and alcohol. 

74 

1.502 

PAIUFFIN 

Hydrocarbon 

Bums and melts easily. 

75 

1.523 

HATCHETTITE 

CagHvs 

Burn?. Hydrocarbon. Soluble with difficulty in alcohol and 
ether. 

76 

1.515 

OZOCERITE 

(OZOKERITE) 

Hydrocarbon 

Melts and burns easily. 

77 

1.547 

OXAMMJTE 

(NH4)2C20r2H20 

Soluble in water. 

78 


MUWXERITE 

Ke 2 Si 30 r 2 H 20 

B.B., slowly loses water and finally becomes brown. 

Soluble in alcohol and ether. 

79 

1.555 

BOMBIOCITE 

0:110,3 

80 

1.734 

CUHTISITE 

Ca4HiB 

In C.T., melts to a clear liquid but discolors rapidly. 

81 

1.52 

KOENENITE 

Al 20 ,r 3 Mg 0 - 2 MgClf 

8 H 2 O 

Thin folia flexible. Decomposed by boiling water. 

82 

1.512 

PLAOSTAFFITE 

Ha)Cio022H20 

Soluble in alcohol. 

B3 

1.572 

HANNAYTTE 

Mg3(P04)2- 

2 Ha(NH 4 )P 04 - 8 H 20 

In C.T., yiolde water and ammonia. 

84 

1.455 

WATTEVILLITE 

CaS04Na2S04-4H20 

Tastes first sweet then astringent Soluble in water. 

85 


EARUNDJTE 

Caa (CgH507)2‘4H20 

Fine grained ncKlules. PVom sediments of Weddell Sea. 
Antarctir.a. 

86 

1.526 

LETOVICITE 

H(NH4)3(S04)s 

Soluble in waUr. 

87 


INDERITE 

MgaBoOii-lSHaO 

Small nodules and aggregates of small needles. 

68 

1.725 

KRATOCHVILITE 

C 13 H 10 

Hydrocarbon. Pearly scales from burning coal heapa 

89 

1.556 

JUIilENITE 

Hydrated nitrate of 
cobalt,' 

Soluble in water. 

90 


ROMANITE 

Hydrocarbon 

Amber from liumania. 

91 


USSALITE 

2MgO<2AlA'10SiO2- 

7H20 

Fibrous. 

92 

1.453 

HEXAHTDHITE 

Mr0S0s-6H20 

Fibrous, salty, bitter ta<}te. B.B., exfoliates and yields water. 

93 

1.461 

TINCALOONITE 

MgO-2BA-5HjO 

From deyhdration of borax or hydration of kemito. 

94 

1..530 

SLAVnCITE 

(Na,K)20-5FeA- 

issiOreeiizO 

Product of oxidation of pyrite. 

95 

1,75 

HOEUTE 

Ct4Hg02 

Produces by burning coal seams. Delicate needles. 

96 

1.471 

JAROSITE 

(re,Mg)S04-7H,i0 


97 


CDFROJAROSITE 

Cu,Mg meUnterite. 


1 

1.513 

CADWALADERITE 

.MOCl-5HaQ 
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STREAK LUSTER 




Pus 

Sol 

Yellow-green 

Inf 

Ptsol 

White or pale reddish 
Dark olive-green 

Easy 

Sol 

Jted • 

Fua 

Sol 

Pistachio, olivo, luck 



green 

Whitish gray 



Red 

( -herry red 


Brilliant. Perf 
M 

Perf 


liksy Sol Brownish red 
Gray 


Yellowish hrown — 
M 


Reddish, steel gray Block 

Dark lead gray 

Pale lemon yellow 

Sol Yellow, reddish-ylw 


, St)l in Sulfur-yellow A 

HNO 3 

Yollowlsh-green to Chrome yellow . . . . 

brown 

Brown, black 


Lemon-yellow R 

. Lead to steel gray Black, chocolate 

tinge 


Basal Brittle 


1^11 


. Brownish black 
. Light brown 


Same, paler V, P Dist 

Grayish brown D, P 


2.5-3 ' Depd Brownish yellow 

2-2,5 Sol Virdigris-green 

Turquoise-blue 

Fns Sol Greenish yellow 


. I) 

. V, D Perf 



S o 
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INDEX 

OF REF. 

NAME 

COMPOSITION 

REMAHICR 

1 


C0UI50NITE 

FeO-(Fe,V)2Q3 

Occurs in magnetite. 

2 

1.699 

SCHEFFERITE 

(Mg,Mn)0* 

CaO-ffiiOa 

A mauganeac pyroxene. 

3 


SKEMMATITE 

3MiiO’2Fo20ji* OH 2 O 

In C.T., gives water and oxygen. B.B., a magnetic globule. 

4 


CXlSMOClBiOJtE 

A chroinium ailicato. 

Found as embedded aplintors in the Toluca meteorite. 

From a meteor i te. Spherical aggregates and radiating fibers 

5 


WEINBEIIGERITE 

NaAlSi 04 - 3 FeSi 03 

6 


MAGHEMITE 

F 02 Q 3 


7 

1.70 

ARROJADini 

GH..Qs-2mO-llPA 


8 


EMMONSITE 

Hydrated ferric 
teluride 

In C.T., fuses to a deep red globule. 

9 


MUNKFOR.SS1TE 

CaOSOaPAAlA 

Does not give a blue color with cobalt solution. 

lol 


TURANITE 

5CuO-VA-2HjO 

Radial aggregates. 

11 


YUKSPORITE 

5(Nan,K2,na)0- 

6Si02-5H2q 

In fibers and scales. Near pcctolite but mure Na and K. 

12 

2.15 

CU.PROTUNGSTITE 

CuW04 

In C.T., blackens and gives water. On coal, fuses with in- 
tumescence. 

13 


ELFESTOIUTTE 

Hydrated manganeae 
arsenate? 


14 


LAMPR03TIRUN 

FeO-MnO 

Red in thin layers. The HUI solution yields chlorine. 

15 


MEJ.ANO.ST1B1AN 

C(Mn,Fe)0-Sb*0, 


16 

1.718 

FERRO- 

SCIIALLERJTE 

12(Mn^e)0- 

QSiOj'AaaOj'THjO 

^challeritc rich in iron. 

17 

1.794 

AIUSENIOPLEITE 

9fiORi03-3As:Of 

SHiO 

Blood red in splinters. B.B., a block slag and trace of Ph 
sublimate. 

18 


BENJAMINITE 

(Cu,A|s)!S2PbS. 

2Bi2S3 


19 


lUMMARITE 

PbaCusBi^Si) 

Short needles. 

20 


GOLDFIELDITE 

CuinSb4Te9Sii; 

Brittle. Forms a mineral crust 

21 

2.065 

MOSEITE 

Hg,NH 4 ,Cl,S 03 ,H 20 


22 


CHONURARSEN- 

ITE 

6MnO* .AsaOs’ 3 H 2 O 

May be sarkinite. In C.T., gives water. On coal, give.>i a 
black l)cad and arsenical fumes. 

23 

2.34Li 

OCHROLITE 

4Pb0-Sb203-2PbCl2 

Soluble m caustic potash. 

24 


PUNOFERRITE 

FeaOj’SOs’ 15 H 2 O 


25 

1.670 

SIDERpPHYLLITE 

K20'5Fe0-2.Ali0ij* 

5Si02'2H20 

Biotite mica with mucbjron. 

26 

1.621 

ZTPPKITE 

2U03-S03'4H20 


27 


MAIUUTE 

CompositioD unknown. 

Brittle. 

28 

1.503 

URAROTHALUTE 

2 (;a 0 -UQj, 4 C 02 - 

IOH 3 O 

Gives bead tests For uranium. 

29 


RIL.ANDITE 

HsOiSiOaofCrAl 

* 

30 


CAI.CIUM ¥Em- 
PHOSPHATE 

2CaO‘3F02Q3- 

PA-lOHaO-f- 


31 

2.27 

RASPITE 

IPbOWOB 


32 

1.686 

TRICHALCITE 

3Gu0‘As209'5H20 

1 

When heated it decrepitates, yields much water, becomes 
dark brown. 

33 

IM± 

AIDYRUTE 

2NiO-2Al30^-3SiOr 

7iH80 


34 

1.955 

DURDENITE 

FejiQs' STeO]' 4 H 3 O 

B.B., gives a magnetic residue. 
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INDEX 

OF REF. 

NAME 

COMPOSITION 

mSMARKS 


1.564 

KOSSMATITE 

3MgO-7CaO-3Al30i- 

7Sj03'9H.0 

ContainB some F. A brittle mica. 

36 

1.452 

LBCX)NTITE 

(N^NIWOrf)- 

S03-211i0 

Soluble in water. Bitter taste. In C.T., givee NH 3 . 

37 


LIEBIGITE 

CBCOr(UOs)OQs- 

20H.O 

Probably identical with uraruthallite. In C.T., gives muah 
water, and becomes yellowiah-gray. 

38 

1.655 

SELENTELLURIUM 

Se,TB 

On coal, fuses easily, colors flame blue with greenish tings. 

39 

URANOCHALCITE 

D04,CuO,CiiO,SO|i, 

HtO 

40 

1.480 

DIETIUCHITE 

(Zi],Ffi, 1 ^ 111 ) 0 * Al^‘ 
4SOa-22H^ 

Soluble in wator. 

41 


HISTRIXITE 

CubFebBi4Sbi4S3!i 

Radiating groups of prismatic crystals. 

42 

1.448 

TAYLORITE 

K20-(NH4)20-GS02 

Tastes pungent and bitter. Un^tered in the air. 

43 

1.551 

RIIOMBOCLASE 

FoA-4!30s,-9H20 


44 


PARPEltlTE 

NiSa 

Resembles molybdenite. Effervesces. 

45 


FIZELYITE 

Pb5Ag2SbBSl8 


40 

2 .eLi 

TRECHMANNITE 

AgaS-AsaSa 

Brittle. Transparent to translucent 

47 

1.038 

HYDROTHORITE 

ThSiOi-4Hrf) 

Radio active. Alteration product of mackintoBhite. 

48 

1J78 

FICHTELITE 

C 18 H 32 

Soluble in ether. SolidJfles at 36. Distills without de- 
composition. 

49 

1.52 

URDERELLITE 

(NH4)j0-5BA-SHi!0 

Gives off NHs in O.T. Fuses to a colurlass glass. 

50 

1.487 

AMMONIOROHITE 

(NH4)20-5B203-5H20 

In C.T., gives NH^. Fuses to a colorless globule. 

51 

1.625 

BISBEEITE 

CuO-BiOj-HjO 

Fibrous. Very thin laths. From hydratioa of shattuckite. 

52 


CHILENITE 

AgftBi 

Antergrowth of native Ag and cuprite. 

fi3 

1.675 

CHIiORO 

MAGNESITE 

MgCIa 

|Very delequosent From Vesuvius. 

54 

1 . 8 =b 

GIX)CKEHITE 

2FejiDd*S03' 6 H 2 O 

Insoluble in water. Sometimes in stalactitic foim 

55 

1.85-f 

METAROSSITE 

CaO-VA-SHaO 

Soluble in water. The HCl solution is mahogany red. 

5b 

1.498 

NITRWALCITE 

CJaO'NAnHaO 

Tastes sharp and bitter. On ooaJ, fuses with a slight de- 
tonation. 

57 

1.470 

PARALUMINITE 

2Al20:rSO!rl5H2O 

Probably from alteration of aluminite. 

58 


kf:mingtonite 

llydroua cobalt 
carbonate 

Cobalt reactions. May be a mixture. 

69 

1.90 

TRIPPKEITE 

nCuOAsA- 

b C.T., becomes emerald green, then brownish then green. 

GO 

1.79 

URACONITE 

S 03 ,UQs,HA etc. 

G1 

1.M7 

VOIaGITE 

Hydrous carbonate of 
U,Ca,Cu 

In C.T., blackens and yields water; colors flame green. 

52 


ALAITE 

V 2 O 5 H 2 O 

In dark bluish-red moss-like masses. Rare. 

63 


ALAfTE 

VaOfHsO 

From Turkestan. Occurs in moss-Uke masses. 

64 

1.80 

AMMONIO- 

.URaSITE 

(NH4)20-3FeA- 

4 SO 3 H 2 O 

Occurs in flattened grains. Member of the aluxdto group. 

65 

1.482^ 

ASIITONITE 

(Ca,Na2,K2)O.AlA- 

OSiOa’SHaO 

A zeolite. Occurs in radiating crystals. 

,66 

1.657' 

baldaufite 

J(Fe,Mii,Mg,CB)0- 

PA3HsO 

Isomorpbous with wenzelite. 

67 


BASILIITE 

ll(MnA'FeA)- 

SbA' 2 lH^ 

Non-magnetic. In C.T., yields turns black then red- 

brown. 

68 


BECHIUTE 

GaO>2BA‘4H20 

Found in crusts as a deposit from springs. In C.T., yields 
HA 

69 


BELONESITE 

EdgMo04 

From Vesuvius. Dissolves readily in S.Ph, leas readily in 
borax. 
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Sol 


Sol 


Sol in 
ITNOa 


Sol 

Dc[mI 


Sol 


Sol 


Sol 


Gelat 


Sol 

Sol 

Sol 

Sol 
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COLOR 

STREAK 

LUSTER 

CI^AV- 

AUE 

FRACTURE 

SYS- 

TEM 

White 



Gi^ 


0 

White 




M 

Yellow 


£ 



R? 

Black 

Yellow 



M? 

Amber brown 


Perf 


Colorless, white or 




R 

yellow 

Bluish greoQ 

Sulfur yellow 

Colorless 



None 


A 






V,A 


aSuheoneb 

0 

Brown 

Brownish yellow 


M 

Yellow 




D? 

White 



Fair 


■ 

Hod 




0 

Dull green 

Yellow, brownish 
yellow 

Golden brov^m 




Fibrous 




n 


Brilliant 

None 

Fibrous 

M? 

Lemon yellow 

Green, brownish, 






0 

yellowi.sh, sky blue 
Violet black 

Brown- violet 

• 

Mic 


0 

Clear green 



M? 

Greenish, yellowish, 
pinkish white 

Greenjjsh yellow 



Basal 



V,A 

I’orf 

Brittle 

0 

Dark green 



Ruby red 





0 

Yellow 





A 

White, gray 

White 



Good 


M 


8 


M 

White 


s 



0 

(^^olorl^ 




Fibrous 

M 

Black 

Brownish 


Good 

M? 

Blue 

V 

Perf 


M? 

White 


s 

Fibrous 

M? 

White 



Colorless 




Fibrous 

M? 
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"70 

1.525 

BIALITE 

CaOMgO'PA'H .0 

Magnesian variety of tavistockite, 

71 

1.494 

BIANCHITE 

Fe0-2ZD0-3S03' 

18HsO 

Soluble in cold water. 

72 

1.816 

BORGSTROEMITE 

3FeA-4S039H20 

From oxidation of pyrite or pyrrbotite. 

73 

2JSLi 

BRACKEBUSCHITE 

3(Ph,Mn,Fe)0'V206* 

ITaO? 


74 

1.580 

CANBYITE 

F 02 O 3 •2Si02’4lI 2 O 

May be crystalline phase of the amophous hisingerite. 

75 

1.60zb . 

CHLOBr 

ALLllMINITE 

AlCla-fiHsO 

From Vesuvius. 

76 

IM± 

COKNUITK 

fiiCu 0 nSi 02 H 20 

Isotropic chrysocolla. 

77 


CUPRO- 

10i:).\RGYRITE 

CuLAgI 

Close to miersite. Harder and less sectile than iod>Tite. A 
decomposition product of stromeyerite. 

78 


DAVIESITE 

lODAnGYRITE 

Oxychloride of Pb 

Yields metallic Pb with soda on coal. 

79 


DOLEROPIIANITE 

2CuOm 

Partly soluble in water. B.B., a black scoriaccous residue. 

SO 

1.89 

DUMONTITE 

sPbO-auOj-PA- 

5HjO 


B1 

1.590 

EGGONITE 

M-^Oa P.Ob 4H,0 


82 

1.75 

EUYTHRO- 

filDERITE 

2 KClFeCl 3 -H -.0 

Very dcloquosent Found in the cone of Vesuvius. 

83 

2.05 

EERNANDINITE 

CaO-VA'DVA- 

UHiO 

Slightly soluble in water giving a green solution. 

84 

1.80 

FERRO- 

TUNOSTITE 

l-'eA-WGa'CHiiO 

In C.T., yields water. 'Product of oxidation of wolframite. 

85 

2.222 

FERVANITE 

2FeA'2Vj0s'3Il!0 

Insoluble in water. 

86 


PLAJOLOTITE 

■tFeSbOrSHiO 

Compact or earthy. In nodular masses. 

87 

1.7;i3 

IIYDROGYANITE 

CuO-SC^ 

Soluble in water. Effervesres readily. From Versuvius 

88 

1.900 

lANTHINJTE 

2U02-7ILO 

Acicular cryi^dals. An alteration product of uraninite. 

89 

1.518 

ILESITE 

fMn,Zn,Fe)0'S03' 

4 H 2 O 

Bitter taste. Soluble in water. 

90 


IRVINGITE 

A lilJiia mica. 

Folia tough and elastic. 

D 1 

2.6lLi 

KOECHLINITE 

Bi-A'MoOs 

In C.T., fuses and forms a sublimate. 

92 

2.04 

kolovratite 

Nickel vanadate 

In crustfi. 

93 


KREMEIUSITE 

K(1Nlf4Cl-Fea2- 

riaO 

Soluble in water. Unstable. 

94 

1.64 

LAGONITE 

FeA-^BA-aHaO 

Occurs as an incrustation at the Tuscan lagoons. 

95 

1.715 

URNITE 

2 Ca 0 Si 02 

Slowly attacked by HzO giving an alkaline solution. 

96 

1.628 

LAUSENITE 

FcA-aSOs-GHsO 

Silky fibers. 

97 


LEUCOCHAU^ITE 

4CuOAsA'3HiO 

Slender needle-like crystals. B.B., becomes a green thenblack 
glass. 

98 


MALLARDfTE 

MnOSOa-THaO 

On exposure rapidly loses water. B.B., decomposes. 

99 


MANGANO- 

STIBJITE 

lOMnO-SbA 

On coal, an Sb coating; with soda Mn roaef/ons. 

tm 

\\m 

MINASIIAGTTE 

VA-SSOslfiHaO 

Soluble in cold water. In C.T., fuses and yields water. 

101 


MISENITE 

K 20 - 2 S 03 H 20 

Soluble in water. Tastes acid and bitter. Violet colored 
flame. 

102 

m 

NITRO- 

GUUBERITE 

6.NaN03-2Na2S04' 

SHaO 

Fibrous crystalline structure. 

1 


NITRO- 

MAGNESITE 

MgO-NA'DHaO 

Soluble in water. Tastes bitter. 
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136 


CUPRO- 

SKIODOWSKITE 

CuOZUQaiBOj- 

CH:0 


137 


DIENERITE 

NiitAs 


138 


DOUGHTYITE 

Al..(S04)3-5Al2(0H)fl- 

211120 

Kmm alkaline waters of Doughty Springs^ Colo. 

139 


ENELECTRITE 

Hydrocarbon? 

Lath-like crystals oocurring in amber. 

140 


EUCHLORINE 

4(K,Nu)^(),'6CuS04 

3Cu(0H)2 

In the lava from Vesuvius. 

141 


KERRI- 

PARALUMINITE 

2(A,Ke)A'SQ3' 

mw 

Occurs in crusts. 

142 


FRAIIONTITE 

8ZnO-2Al203-5SiO‘r 

llHaO 

Fibrous crust like asbestos. 

143 


HYDROMELANO- 

THALLITE 

OuCIrCuO^H^O 

Scales from Vesuvius. 

144 


rOZJTE 

FeO 

Minute grains in lava. 

145 


JKROMITE 

As(S,Se )2 

Globular. 

140 


KUTNOIIORITE 

(C»,M|{,Fe,Mii)C 03 


147 


LEUCOGLAUCITE 

K(!j03'4S03-5Hs0 


148 

1.732 

LOPEZITE 

KflGraO: 

Occurs as minute crystals and balls. 

149 


MEYERSITE 

A 1 P 04 - 2 H 20 

Agate-like massas in lava. 

150 


MILLO- 

SEVICHITE 

Normal Fe,Al 
fiuKate 

A volcanic incrustation. 

151 


MITHRIDATITE 

i(MITRIl)ATlTE) 

aC«0-2PeA-2P206- 

nHiO 

Alteration product of vivianite. 

152 


MUNKRUDITE 

?•/)& and SO 3 uf 

I'c and Cu 

Occurs foliated and ciystallioe. 

153 


OLIVEIRAITE 

3Zr02-2Ti02.2Il20 

Minas Geraes, Brazil. Associated with Euxenite. 

154 


PARA- 

URICIIALCITE 

Zn malachite? 

Botryoidal or earthy. 

155 


PATRONITE 

VS 4 ? 


15G 


PliaSPHOROUS 

P 

Reported in stone meteorite, Saline townshij), Kansas. 

157 


PLIIMBO 

MALACHITE 

2CuCO.rCu<OH)j- 

PbCOa 


158 


RAUVI.TE 

CaO-2U03*6VA- 

2J.)n‘jO 


159 


ROBELUZn'E 

V,Nb,Ta,W,AI,Fe,Mn 

Occurs as concretionary masses with carnotite in ColDrado, 

160 


SGHERTELITE 

Mg(NH4)2H2(P04)2- 

41120 

Crystals in bat guano. Like hannayite. 

161 


SHANYAVSKITE 

Ala03'4H20 

Colloidal. From near Moscow, Russia. 

162 


SIMONELLITE 

C 10 II 2 

A hydrocarbon incru.s4ation on Hpite. 

163 


S.rOGRUFVITE 

H20AaAFo20s- 

MnO,PbO,OaO 

lied in splinters. Crystalline. 

164 


S'fEIGERITE 

AlaOrVA-eiHaO 

Powdeiy appearance. The acid solution is deep cherry-red. 

165 

2.01 

TANGEITE 

2Ca0-2t:ii0Va05' 

HaO 

166 


ULRICKITE 

UO 2 


167 


VANOXITE 

V4V20i;r8Il20 


168 


WISCHNEWITE 

SNaaAJaSisOu’ 

Na2S04'3H20 


169 


ZINK- 

MANGANERZ 

Hydrous zinc 
jnanganate 
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Abbreviations, 169 

Acetates, tests for, 132 
Acid resistaat wood stain, 60 
Aluminum group^ tests for, 118, 122 
Aluminum, tests for, 123, 124, 159 Plate 12 
Ammonia, tests for, 133 
Amnioniuin hydroxide test, 67, 122 
molybdate test for arsenic. 66, 135 
molybdate test for phosphorous, 66, 1 1 7, 135 
oxalate lest, 67, 129 
phosphate test, 67 

' phosphomolybdate test for tin, 114 
sulfricyanate test for cobalt. 121 • 
sulfocyanate test for iron, 120 
Analyser card, Hiiorescence, 30 
Arialylical scheme, 86 
Anions, tests for, 131-136 
Antimony, te-stsfor, 109-113, 147-1 68 Plates 

12, 17 

Apparatus, chemical, 50 
Aqua Regia, 87 
Arsenates, tests for, 135 
Arsenic, tests for, 108-113, 135, 147-168 
Plates 12, 17 

Assay of gold and silver, 139, 141 
Atomic weights, 63 

Balance, beam, 9 
Berman's, 15 

Jnlly, 7 

specific gravity, 5 
Barium chloride test, 66 
hydroxide test, 132 
Head tests, 157, 158 
borax, 157 

response to ultra-violet light, 168 
salt of phosphorous, 158 
sodium carbonate, 06, 131 
sodium fluoride, 168 
Beam balance, 9 
Benzidine test for cerium, 97 
gold, 98 
phosphate, 117 
Berman density balance, 15 
Beryllium, tests for, 123-125 Plate 12 
separation of, 125 
Biaxial group, 24 
Bismuth flux, see iodide flux 
Bismuth, tests for, 103-105, 147-168 

13, 17 


Black light, see ultra-violet light 
Blowpipe, 138 
assay with, 139 
tables, 145-168 
tests, 145-168 

response to ultra-violet light, 165 
using, 137 
Blowpiping, 137 
Borates, tests for, 67, 132 
Borax bead tests, 157 . 

Boron, tests for, 67, 132 
Braun’s solution, 15 
Bromates, tests for, 132 
Bromide flux, 46 
reactions, 150, 153-156 
Bromides, tests for, 132, 135 
BroJiiinc, tests for, 132, 135 

Cadmium, testsfor, 103-1 06, 147- 1 (>8 Plates 
13, 17 

Caesium, tests for, 131 
Calcium group, tests for, 127 
Calcium, tests for, 67, 128 
Calibrated wedge, 141 
Carbon, tests for, 132, 136, 148 Plate 13 
Carbonates in nature, 43 
Cartjonates, tests for, 66, 132 
Cassiterite, tests for, 114 
Cerium, tests for, 97, 146 Plate 18 
Changes, color, 159 
C'harcoal, sublimates on, 153-156 
tests on, 153-156, 164 
C'hcmical analysis, 66, 87 
apparatus, 50 
atomic weights, 63 
classes in nature, 43 
composition, 44 
elements, table of, 63 
formula, 44 

laboratory, ^jortable, 51 
reactions, tables of, 65 
reagents, 45 ' 

resistant wood stain, 60 
symbols, 63 

Chlorates, tests for, 132 
Chlorides, tests for, 132, 13S 
Chlorine, tests for, 132, 135 
Chromate flux, 46 
Chromate flux reactions, 152-156 
Chromates in nature, 44 
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Chromates, tests for, 135 
Chromium, tests for, 124, 131, 135, 145 Plates 
13, IS 

Classes, chemical, 43 
Cleavage of minerals, 23 
Clerici's solution, 15 
Closed tube sublimates, 162 
Cobalt nitrate reactions, 159 
Cobalt, separation from iron, 119 
tests for, 119-121, 157, 158, 164, 168 Plate 
18 

Color of minerals, 22 
Color changes in the closed tube, 159 
Color plates, 144 
Coloration, flame, 160 162 
Coluiiibium, tests for, 90, 145, 146, 158, 168 
Plate 18 

Composition, chemical, 44 
of earth's crust, 43 
determination by specihe gravity, 17 
percentage, 44 
Concentrated reagents, 49 
('opper group, tests for, 101 
Copper, tests for, 103- 105, 146-168 Plates 
13, 18 

Crust of earth, composition of, 43 
Crystal systems, 23 
Cu()el mould, 140 
Cufjelation test, 141 
Cupels, making of, 139 

Didymium, tests for, 97, 157, 158 Plate 
18 

Dimethylglyoxime test fur bismuth, 105 
cobalt, 121 
iron, 120 
nickel, 121 
palladium, 106 
tin, 114 
vanadium, 127 
Dysprosium, tests fur, 96 

ElcmentSi interchangeable, I 
free in nature, 44 
table of chemical, 63 
Erbium, tests for, 97 
Europium, tests for, 96 

Ferric iron, tests for, 120 
Ferrous iron, tests for, 120 
Flame, Hunseii, 137 
candle, 137 
colorations, 160-162 
oxidizing, 138 
reducing, 138 
Fluorescence, 28 
analyzer card, 30 


Fluorescence, causes of, 29 
Fluorides, fusion with, 168 
tests for, 132, 133 
Fluorine, tests for, 132, 133 
Fluorochemistry, 25 
Flux, bismuth, see iodide flux 
boric acid, 46 
bromide, 46 
chromate, 46 
iodide, 47 
gold, silver, 139 
h'ormula, chemical, 44 
P'racture of minerals, 23 
Fusibility, scale of, 20 
P'usions Oil charcoal, 164, 165 
platinum, 87, 131 
porcelain, 130 
potassium bisulfate, 132 
sodium carbonate, 66, 87, 164, 165 

Gadolinium, tests for, 96 
(ialliuni, separation of, 127 
tests for, 123, 127 
Generator, hydrogen sulhde, 62 
Germanium, tests for, 117, 147 
(jlobules, metallic, 88, 164 
Gold, amalgamation of, 98 
panning of, 19 
silver assay, 139, 141 
silver parting, 142 
silver se()aral ion, 142 

tests for, 98, 145, 147, 148, 154, 164 Plate 
13 

(.>raph, gold, silver, 143 

Halides in nature, 44 
Hardness st!ale, 19 

Heavy lu|iiids for specific gravity determina- 
tions, 15 

use in se|>arations, 15 
Hexagonal system, 24 
Holniiuin, tests for, 96 
Hydrobromic acid, reactions with, 159 
Hydrochloric acid group, tests for, 91 
solubility in, 21 
test, 67 

Hydrocarbons, tests for, 133 
Hydrogen peroxide, reactions with, 145 
Hydrogen sulfide group, tests for, 101 
tests for, 117, 132, 134 
Hydrogen, tests for, 133 
Hydrometer for specific gravity determina- 
tion, 6 

Identification of minerals, 4, 16 
Ignition, how to accomplish, 98 
Index of minerals, 331 
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Index of refraction, 24 
Indium, tests for, 122, 147 
Introduction, 1 
Iodide flux, 46 
reactions with, 149, 153-156 
Iodides, tests for, 132, 135 
Iodine, tests (or, 132, 135 
Iridium, tests for, 117, 147 
Iron, ferric, tests for, 120 
ferrous, tests for, 120 
group, tests for, llfl 
separation from Mn, Co, Ni, 119 
teats for, 120, 148-168 Plates 13. 18 
Isometric system, 24 
Isotropic group, 24 

Jig ft intt. 19 
Jolly balance, 7 

Klein's solution, 15 

Labels, protection of, 63 
Laboratory, portable, 51 
Lanthanum, tests for, 97 
Lead acetate test, 132, 134 
Lead, tests for, 91-94, 103-105, 147-168 
Plates 14. 17 
Lithium, tests for, 130 
Luster of minerals, 22 
Lutecium, tests for, 96 

Magnesium, tests for, 67, 129 Plate 14 
separation of, 129 
Mandrel for making coil spring, 8 
Manganese, separation from iron, 119, 121 
tests for, 119, 120, 145-U)« Plates 14, 18 
Melting point of metals, 21 
Mercury, tests for, 33, 91-94, 108-11 1, 147-' 
168 Plates 14, 15, 17 
in gold recovery, 98 
Metals, natural occurence, 44 
melting point of, 21 
Metallic globules, 164 
Metallic zinc, reactions with, 146 
Mineral analysis, 87 
identification, 4, 16 
identification tables, 171 

index, 331 

Mineralogy, chemical, 1 
Minerals, composition of, 43 
definition of, 1 

how to find the properties of, 5 
not soluble in common acids, tables of, 82— 
85 

soluble in hydrochloric acid, tables of, 70- 

77 


Minerals, soluble in nitric acidi tables of, 
78-79 

soluble in sulfuric acid, tables of, 80-81 
tables of chemical properties of, 70-85 
Mould, cupel, 139 
Molybdates, tests for, 115 
Mol 3 'bdenum, tests for, 109-115, 145-167 
Plates IS, 17, 18 
Monoclinic system, 24 

Neodymium, test for, 97 
Niobium, see colunibium 
Nickel, separation of, 119 
tests for, 119-121, 145, 147, 157, 158, 164, 
168 Plate 18 
Nitrates, tests for, 132, 133 
Nitrites, tests for, 132 
Nitrogen, tests for, 132, 133 

Open tube reactions, 163 
Ores, sorting of, 32 
Orthorhombic system, 24 
Osmium, tests for, 107, 146 
Oxalates, tests for, 132, 136 
Oxalic acid group, tests for, 95 
Oxides in nature, 43 
Oxidizing flame, 138 
Oxygen, tests for, 134 

Palladium, tests for, 106, 146, 147 
Panning of gold, 18, 19 
Parting, gold, silver, 142 
Percentage composition, 17, 44 
Phosphates in nature, 44 
Phosphate, tests for, 66, 117, 135 
Phosphomoiybdic acid test for cerium, 97 
copfjcr, 106 

Phosphoresirence, causes of, 28, 29 
Phosphorous, tests for, 66, 117, 135 
Haster tablets, how to make, 50 
bromide flux reactions on, 150 
chromate flux reactions on, 152 
iodide flux reactions on, 149 
per sc reaction on, 148 
l^latinum, fusions on, 87, 131 
tests for, 117, 146, 147 
Platinum wire, cleaning of, 130 
Polonium, tests for, 107, 147 
Portable laboratory, construction of, 51 
equipment for, 61 
reagents for, 62 

Potassiunidiismuthiodidetest forcaesium, 131 
Potassium bisulfate, fusions with, 88, 132 
reactions with, 132 

Potassium iodate test for thorium, 96 
Potassium ferricyanide-lead acetate test for 
caesium, 131 
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Potassium ferrocyanidb test for calciumi 128 
copper, 106 
iron, 120 

molybdenum, 115 
uranium, 126 

Potassium sulfocyanate test for iron, 120 
molybdenum, 115 
Potassium, tests for, 130 
Praseodymium, tests for, 97 
Preliminary tests, 66, 68 
Properties of minerals, how to find, 5 
Proportional tongs, 141 
Prospecting with ultra-violet light, 29 
Protecting labels, 63 

Pycnometer for specific gravity detennina- 
tions, 14 

Qualitative scheme, methods used, 2, 87 
chemical tests, 66, 68, 87 
Quiiializarine test for beryllium, 125 
cerium, 97 
lanthanum, 97 
magnesium, 129 
neodymium, 97 
praseodymium, 97 
thorium, 96 
zirconium, 100 

Rare Earths, tests for, 95-96 
Reactions, bead, 66, 157, 158 
blowpipe tests to ultra-violet light, 165 
bromide flux on plaster, 150 
charcoal, 153-156 
chromate dux on plaster, 152 
closed tube, 1 62 
cobalt nitrate, 159 
hydrobromic acid, 159 
hydrogen peroxirle, 145 
iodide flux on plaster, 149 
metallic zinc, 146 
open tube, 163 
per se on plaster, 148 
ptotassium bisulfate, 132 
sodium carbonate, 66, 88, 164, 165 
sodium duoridc fusions Lo ultra-violet light, 
168 

table of chemical, 65 
Reagents, chemical, 45 
concentrated, 49 
Reducing flame, 138 
Refraction, index of, 24 
Rhenium, tests for, 107 
Rhodium, tests for, 107, 147 
Rubidium, tests for, 131 
Ruthenium, tests fur, 117, 146, 147 

Salt of phosphorous head tests* 158 


Samarium, tests for, 96 
Sample, solution of, 87 
Sampler, 139 

Sand, specific gravity of, 16 
Scandium, tests for, 96, 146 
Scheme, analytical, 86 
Scorification, 141 

Selenium, tests for, 66, 107-116, 146-168 
Plates 15, 17 
Silicates in nature, 43 
tests for, 60, 134, 158 
Silicon, tests for, 66, 131, 134, 158 
Silver, assay of, 139, 141 
tests for, 67, 91-94, 147-168 Plates 
15, 16 

Silver group, tests for, 91 
Sodium carbonate bead tests, 66 
fusions with, 164 
reactions, 66, 88, 131, 164 
Sodium group, tests for, 130 
Sodium Huoride fusions, 168 

response to ultra-violet light, 168 
Sodium, tests for, 130 

Solubility of minerals in hydrochloric acid, 
determination of, 21 
tables of, 65, 70-77 
nitric acid, tables of, 66, 78-79 
sulfuric acid, tables of,-66^ 80-81 
5)olubi]ity test (hydrochloric acid), 21 
Solution of mineral, 87 
Sorting ores, 32 

Specific gravity, definition of, 5 

beam balance for determination of, 9 
liernian balance lor determination of, 15 
calculating composition from, 17, 18 
determination of, 5 

heiivy liriuid, use in determination of, 15 
hydrometer for deteriiiinatiun of, 6 
Jolly balance for determination of, 7 
pycnometer for determination of, 14 
of concentrates, determination of, 16 
of gravel, determination of, 16 
of ground mineral, determination of, 16 
of minerals, determination of, 5 
of sand, determination of, 16 
uses of, 16 
Spot plate, 69 
Spot tests, 68 

Spring scales for specific gravity determina- 
tion, 7, 15 

Spring, making of, 8 
Streak of minerals, 22 
Streak plate, 22 
Strontium, tests for, 128 
Sublimates in the closed tube, 162 
in the open tube, 163 
on charcoal, 153-156 
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Sublimates on plaster, 14H-153 
Sulfates in nature, 44 
tests for, 66, 131, 134 
Sulbdes in nature, 43 
tests for, 66, 131, 132, 134 
Sulfur, tests for, 66, 131, 132, 134 
Symbols of chemical elements, 63 
Systems, crystal, 23 

Tables, arrangement of minerals in, 4 
mineral, 171 
using the, 4 

Tables of chemical elements, 63 
chemical reiictions, 70 85 
mineicils soluV)le in h\ dror hloric acid, 70- 
77 

minerals soluble in nitric acid, 78-79 
minerals soluble in sulfuric acid, 80-81 
minerals insfduble in the coniniciii acids, 82- 
85 

Tablets, IMaster of Paris, 50 
Tantalum, tests for, 90, 145, 1+6 
Tellurium, tests for, 1 09-1 1 6, 14 7- 1 68 Plates 
16, 17 

Terbium, tests for, 96 
Tests, bead, 66, 157, 158 
chemical, 66, 68, 87 
stx)t, 68 

Tetragonal system, 24 

Thallium, tests for, 91-94, 147-168 Plates 
16, 17 

Thorium, tests for, 96, 146 
Thoulet's solution, 15 
Thulliuiii, tests for, 96 
Tin group, tests for, 101 
Tin, tests for, 109-114, 147-167 Plates 16, 
17 

Titanates in nature, 44 
Titanium, tests for, 99, 145, 146, 157, 158 
Plate 18 

Toluene in specific gravity determinations, 16 
Tongs, proportional, 141 
Triclinic system, 24 
Tungstates in nature, 44 
Tungsten, tests for, 89, 146, 157, 158 Plates 
2-7, 18 


Turmeric fxiper test for iToron, 66, 132 
titanium, 66, 100 
zirconium, 66, 100 

Ultra-violet light, 25 

application of, 3 
lluores(*ence from, 28 
for collectors. 32 

list of minerals which resfwncl to, 35-42 
mercury, testing for with, 33 
phosphorescence from, 28 
prospecting with, 29 
reactions of bead tests to, 35, 1 68 
blowpipe tests to, 165 
sodium fluoride fusions to, 168 
sorting ores with, 32 
testing for mercury W’ith, 33 
uses with bead tests, 1 68 
uses with blow pipe tests, 165 
uses in prospw'ting and mining, 29 
uses of, 3 

wave lengths of, 27 
Uniaxial group, 24 
Uraniuiii, separation of, 123 
tests for, 123-120, 145-147 Plate 18 
Uses of specific gravity, 16 
Using the tables, 4 

Vanadates in nature, 44 
Vanadium, tests for, 118, 123-126, 139, 145- 
147 Plate 18 

Water, tests for, 133, 163 
Wedge, calibratt!d, 141 
\Veights, atomic, 63 
Willemitc s^Tcen, 3+ 

Wood stain, chemical resisting, 60 

Ytterbrium, tests for, 96 
Yttrium, tests for, 96, 146 

Zinc, tests for, 123, 124, 148-162, 168 Plate 
17 

reactions with metallic, 146 
Zirconium group, tests for, 100 
Zirconium, tests for, 67, 100, 146, 168 
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Abkhazite, 154-11 
Abukumalite, 26-5 
Acanthite, 102-1 
Acmite, 31-7, 105-A, plate 24 
Actinolite, 45-8, plate 25 
Adamite, 106-5 
Adelite, 45-6 

Adularia; variety of orthoclase, plate 28 
Aeglrite (aegirine), 43-7 
Aenl^atite (enigmatite), 35-0 
Aeschynite (esc.hynite) 

Alwillite, 70-10 
Agate,* banded chalcedony 
Agnolite (inesite) 

Agricolite (eulatite) 

Aguilarite, 96^-1 

Aidyrlite 147-10 

Aikinite, 98-1 

Ajakaite (aikaite), 26-12 

Akerniaiilte, 108-8 

Akrochordite, 126‘-8 

Alabandite, 99-5, 75-6, SO-A, plate 23 

Alabaster; a variety of fine-grained gypsum 

Alabaster, oriental; a form of calcite 

Alaite, 62-13, 63-13 

Alamosite, 30-2 

Alaskaite, 106-2 

Albite, li-10, plate 28 

Albertite, 62-12 

Alexandrite; emerald-green chr>'soberyl 
Algondonite, 40-1 
Alkanasul (natroalunite) 

Allactitc, 58-6 

Allanite, 34^5, 27-6, 56-7, 14-A, plate 21 

Alleghanyite, 48-5 

Allemontlte, 39-2, 66-3, plate 20 

Alloclasite, 27-2 

Allodelphite, 165-7 

Allophane, 9-12 

Allopalladium, 180-13 

Almandite, 11-5, 8-6, plate 21 

Alinerite, 121-13 

Aloisiite, 173-13 

Aloite, 63-13 

Alpha-chloritlte, 177-10 

Aipha-liopeite, 172-8 

AUaite, 5B-1, pLite 19 

Alum, 53-12 

Alumian, 143-9 


Aluniinite, 63-12 
Aluminohydrocalcite, 148-11 
Alunite, 91-9, 75-10, 15-C, plate 27 
Alunogen, 58-12 
Alurgite, 127-9 
Amalgam, 55-1, plate 19 
Amarantite, 80-11 

Amargosite; a bentonite clay, 122-13 
Amarillite, 123-13 . 

Atnazonite; a variety of microcline, plate 28 
Anibatoarinite, 124-13 
Amber (succinite), 38-12, plate 27 
Amblygonite, 43-8, 55-A, 50-D, plate 26 
Ameletite, 125-13 
Amesite, 146-9 

Amethyst; violet-colored quartz 
Amethyst, oriental; gem quality purple corun- 
dum 

AminolBte, 34^9 
Ammonioborite (larderellite) 
Ammoniojarosite, 64-13 
Aniosite, 126-13 

Ampangabeite, 66-4, 91-5, 71-6, 115-7, 
plate 23 

Amphlbole, 62-7, 64r-8, 31-^. 22.D 
Analclte, 11-11 
Anapaite, 108-9 
Anatase, 32-6, plate 24 
Anauxite (ciniolile) 

Ancylite, 57-6, 122- A 
Andalusite, 6-8, 28-D, plate 25 
Andeslne, 32-9, plate 26 
Adorite, 75-3 

Andradite, 14-6, 136-A, plate 23 
Anemousite, 21-9 
Aiigaralite, 181-10 
Anglesltef 59-2, 34-A, plate 20 
Anhydrite, 1 14r-9, 74-A, plate 27 
Ankerite, 141-8, 87-9, 30^A, plate 26 
Aimaberglte, 1 7 8-8, 66-A, plate 26 
Annerodite (aanerodite) 

Annite, 173-8 

Anorthlte, 16'9, 89-A, plate 26 
Anorthoclase, 24-10 
Anthophyllite, 18-11, 21-D 
AnthopylUte, 61-8 
Antigorlte, 53-10, 132-A 
Antimony, 47-2 
Antimony glace (stibnite) 
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Antlerite 93-6, 75-A 
Antofagaslite, 138-10 
Apatite, 114-8, 58-A, plate 26 
Aphrosiderite, 203-8, 190-9, plate 26 
Aphthitalite, 117-9, 96-10 
Apjohnite, 65-12 
Apophylllte, 52-10, 1 1 7-A 
Aquamarine; bluish green beryl 
Araftonite, 88-9, 32-A, plate 27 
Araka waite, 1 53-8 
Aramayoite, 112-3 
Arandisite, 60-5 
Arcanite, 222-9 
Ardealite, 161-11 
Ardennite, 19-7 
Arduinite, 146-11 

Arfvedsonlte, 40-7, 53-D, plate 24 
Argentite, 101-1, 7-B, plate 19 
Argentojarosite, 170-7 
Argyrodite, 91-2 
Arizonite, 41-5 
Arinangite, 95-5 
Armenite, 3-9 
Arrojadite, 7-13 
Arsenic, 69-3 
Arseniopleite, 17-13 
Arscniosiderite, 107-6, 161-7 
Arsenobismitc, 91-3 
Arsenoferrite (loellingite) 

Arsenoklasite (arsenoi:lasite), 40-5 
Arsenolamprite, 133-3 
Arsenolite, 108-6 

Arsenopyrite, 12-2, 22-3, 17-B, plate 19 
Arsenostibite, 127-13 
Arsenschwefel, 128-13 
Artinite, 115-11 
Arzrunite, 129-13 
Asbestos; fibrous ainphibole or 
plate 28 

Aschairite (szaibelyite) 

Aschroftine, 50-10 
Ashtonite, 65-13 
Asovskite, 66-10 
Asparagus-stone; yellowish green a]3atite 
Astrolite, 1 13-9 

Astrophyllite, 145-7, 168-8, plate 25 

Atacamlte, 91-6, 78-A, plate 24 

Atelestite, 36-2 

Atopite, 23-3 

Attapulgite, 130-13 

Auerlite, 121-5 

Augelite, 57-9 

Augitc, 27-8, 45-D, plate 25 
Aurichalcite, 156-7, 28-A, plate 25 
Aurosiniridium. 1-1 
Austinite, 146-5 
Autoniolite (ghanite) 


Autunite, 189-8, plate 26 
Avasitc; probably a mixture of iron oxide and 
silica 

Aventurine; feldspar with reddish reflections; 
quartz spangled with mica, hematite, 
etc. 

Avogadritc, 189-10 
Axinlte, 18-8, 32- D, plate 25 
Azuritc, 78-6, 25-A, plate 24 


Bababudanite, 228-8 
Babingtonite, 59-7 
Bacalitc, 30-12 
Baddelyite, 4-2, 3-3, plate 20 
Badenite, 120-1 
Baeckstroemite, 131-13 
Baeumlerite (chlorocalcite) 

Bakerite, 73-9, plate 27 
Balas ruby; rose-red spinel 
Baldaufitc, 66-13 
Bandylitc, 150-9 
Barbertonite, 120-11 
Bardolite, 226-9 

Barite, 92-4, 113-5, 38-D, plate 21 

Barkevikite, 50-7, plate 24 

Barrandite, 55-10 

Barthite, 120-5 

Barylite, 12-5 

Barysilite, 52-2 

Barytocalcite, 69-6, 111-7 

Basiliite, 67-13 

Basobismutite (liismutite) 

Bassanite, 203-9 
Bassetite, 211-8 
Bastnaesite, 61-4 
Batavite, 

Batchelorite, 132-13 
I, Baumhauerite, 90-3 
Bauxite, 179-10, 13-D 
Bavenite, 3v3-9 
Bayldonite, 54-3 
Bazzite, 12-9 
Beaconite, 227-9 
Beaverite, 136-5 
Bechelite, 68-13 
Beckelite, 57 -5 
Becquereiite, 105-3 
Becgerite (schirmerite and matildite) 
Befanamite, 23-7 
Beidellite, 160-10 
Beiyinite, 60-4 
Beldongrite, 136-8 
Hellingerite, 64-4 
Bellitc, 121-3 
Bell-iiietal ore (stannite) 

Belonesite, 69-13 
Bementite, 191-^ 
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Benitoite, 36-7, plate 24 
Benjamiiiite, 46-2 
Bentodite, 133-13 
Beraunite, 176-9 
Beresowlte, 113-2 
Berlinite, 9-10 
Bermanite, 100-9 
Berthierite, 98-4 
Berthonite (bournonite) 

Bertrandite, 10-10 
Beryl. 2-9, 1-10, 23-D plate 
Beryllium-vesuvianite, 174-7 
Beryllonite, 26-9 
Berzelianite, 108-2, plate 20 
Berzeliite, 54r'5 
Beta-ascharite (szaibelyite) 

Betcilite, 50-3, 48-4, 70-5, 53-6 plate 21 
Beta-hopeite, 169-8 
Beudantite, 85-5 
Beyrickite (inilleiite) 

Bialitc, 70-13 
Bianchite, 71-13 
Didalotite, 222-8 
Bieberite, 56-12 
Bilinite, 51-12 

Bindheimite, 61-3, 65-4, plate 22 
Binnite (tenruintitc) 

Biotitc, 177-8, 133-9, 8-C, plalc 26 

Bisbeeitc, 51-13 

Bischufite, 64-12 

Bismite, 36-1 

Bismoclite, 94-1 

Bismuth. 99-1 

Bismuth glance (bisnmthinite) 

Bismuth ochre (impure bismiie) 
Bismuthinite, 103-2, 4-B, plate 20 
Bismutite, 31-2, plate 20 
Bismutoplagionite (galenobisiiiutite) 
Bismutosinallite (bismuth skutterudite) 
Bismutosphaerite (bismutite) 
Bismutotantalite, 27-1 
Bityite, 78-8 
Bixbyite, 14-4 

Black band ore; sideritc in sedimentaries 
Black jack (sphalerite) 

Black lead (graphite) 

Blakeite, 232-8 
Bleimalachite, 134-13 
Blend (sphalerite) 

Bloc kite, 85-2 
Bloedite, 76-11 

Blornstrandine (betafite), plate 21 
Blood stone; green chalcedony with red spots 
Blue vitriol (chalcanthite) 

Bobierite, 158-10 
Bodenbenderite, 34r-7 
Boehmite, 229-8 


Bog ore (limonite) 

Bolfflpulite. 48-1 
Boleite, 117-3 
Bolivarite (variscite) 

Bolivianite (stannite) 

Bologna stone; barite containing barium 
sulfide 

Bombicdte, 79-12 
Bondsdorfhte, 80-9, 63-10 
Boodtite. 144-7, 170-8 
Boothite, 42-12 
Boracite, 12-8, 8-9, 80-A 
Boraz. 40-12, i5-A 
Borgstroeniite, 72-13 
Boric acid (sassolite) 

Borickite, 103-9 
Bornite, 83-3, 11-B, plate 22 
Bort; inferior diamond 
Bosphoriie, 135-13 
Botryogen, 98-11 

Boulangeritc, 69-2, 102-3, 43-A, plate 20 
Bournonite, 98-3, 18-B 
Boussingaultite, 57-12 
Bowlingite, 141-11 
Bowniannite (harnlinite) 

Brackebuschite, 73-13 
Bradley ite, 212-9 
Braggite (fergusonite) 

Brandaositc, 140-5 

Brandisite, 109-8 

Brandtite, 42-6 

Brannerite, 56-3, 53-4 

Braunite, 12-4, 52>A, 103-A, plate 21 

Bravoite, 23-4 

Brazilian emerald; gi nen tourmaline 

Brazilitc; name for zirconium ore from Brazil 

Brazilian sapphire; blue tourmaline 

Breithauptitc, 18-1, plate 19 

Brewsterite, 43-10 

Brickerite, 90-5 

Bristol diamond (quartz) 

BrithoUte, 46-5 

Brittle silver ore (stephanite) 

Brochanthlte, 74-6, 72 -A, plate 24 
Bromellite, 3-8 
Bromlite, 63-6 
Bromyrite, 77-2, 104-3 
Brongriairdite; shown to be a mixture 
Bronzite (enstatite) 

Brookite, 36-5, plate 21 
Brucite, 131-10, 81-A 
Bnigrnitellite, 67-11 
Brunsvigite, 199-8 
Brushite, 96-11 
Bulfonteinite, 71-9 
Bunsenite, 15-2, plate 20 
Burkeite, 84-10 
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BuBtamite, 54-S 
Buazite, 34-3 
Butlerite, 136-10 
Buttgenbachite, 172-7 
Bytownitei 23-9 

Cabrerite, 194-8, 170-9 
Cacoxenite, 133-7 
Cadwaladerite, 98-12 
Cadium blend (greenockite) 

Cadmium oxide, 62-1 
Cahnite, 166-8 
Calafatite, 104-9 

Calamine, 98-7, 116-A, plates 20, 25 
Galaverite, 73-1, 19-C, plate 19 
Calcio-ancylite, 68-6 
Calcioferrite, 130-10 
Calciogadolinite, 115-4 
Calciosamarskite, 7-4, 22-5 
CalcLo-tantalite; possibly a microlite, tantalite 
mixture 

Calcio-volborthite, 88-6, 128-7 

Calcite, 124-9, 33-A, plates 8, 9, 11, 22, 25. 27 

Calcium ferri-phosphate, 30-13 

Calcium larsenatc, 144-5 

Calco-zincite; a mixture of zincite and calcite 

Calc spar (calcite) 

Caldasite; zirconium ore from Brazil 
Caledonite, 62-2 
Caliche (soda niter) 

Californite, 29-7 
Callianite (coeruleolactite) 

Calomel, 109-2, 3-D, plate 20 
Calvonigrite; mixture of manganese, iron, and 
aluminum oxides 
Camsellite (szaibelyite) 

Canbyite, 74^13 

Cancrinite, 35-10, 37-A 98-A, plate 28 
Canfielditc, 79-2 
Cannizzarite (galenobismutite) 

Capillary pyrites (millerite) 

Cappelenite, 23-5 
Caracolite, 59-4 
Carbonado, 1-8 
Carborundum (inoissanite) 

Cardylitc, 143-5 
CarminJte, 128-5 
CamalHte, 72-12, 12-A 
Carnegieite, 184-10 
Carnelian ; clear, red chalcedony 
Carnotite, 134-5, 68-A, plate 23 
Carphol'ite, 42-9 
C'larphosiderite, 58-10 
Carrolite, 39-4 
Caryinite, 112-5 
Caryocerite, 39-5 
Caryopilite, 116-9 


Casaiterite, 2-2, 10-D, plates 19, 20 
Castanite, 51-11 
Caswellite, 151-7 
Catapleiite, 19-9 

Cat’s eye; chatoyant quartz and crysoberyl 
Catoptrite, 34-4 
Cebollite, 59-9 
Celadonite, 174-10 
Celeatite, 90-6, 39-D, plate 24 
Celsian, 35-7, plate 24 
Cenosite, 70-7 
Centrallasite, 134-10 
Cerar^rlte, 137-3, 4-D, plate 20 
Cerite, 29-4, plate 22 
Ceruleite (coeruleite) 

CeruBsite, 48-2, 27'B, plate 20 
Cervantite, 53-3, 51-4, 73i-S, plate 23 
Cesarolite, 55-3 
Chabazite, 22-11, 120-A 
Chalcanthite, 79-11, 5-A, plate 28 
Chalcedony, 1 1-10 
Chalcoalumite, 85-11 
Chalcocite, 100-3, 8-B, plate 20 
Chalcodite (stilpnomelane) 

Chalcolamprite, 38-6 
Chalcomenite, 98-6 
Clialcophanite, 126-5, 99-6 
Chalcophyllite, 173-9, 149-10 
Ghalcopyrite, 97-5, 12-B, plates 20-23 
Chalcosiderite, 123-8 
Chalcostibite, 65-3, 79-4 
Chalk; a soft form of calcite 
Chalmersite (cubanite) 

Chapmanite, 162-7 
Chencvixite, 64-6 

Chert; impure, flinty cryptocrystalline quartz 
ChiastoliLe; a variety of andalusite 
Childrenite, 113-8 
Chile-loeweite, 158-11 
Chilenite, 52-13 
Chillagite, 50-1 
Chinlusuite, 71-11 
Chiolite, 89-9 
Chiviatite, 73-2 
Chkalovite, 22-9 
Chloanthite, 11-2, plate 20 
Chlopinite (khlopinite) 

Chloroalluminite, 71-13 
Chlorapatlte, 104-8, 57-A 
Chlorite. 152-9, 18-C, plate 27 
Chlorltoid, 27-7. plate 24 
Chlorocalcite (hydrophilite) 

Chloromagnesite, 53-13 
ChloromanganokaVite, 83-11 
Chloropal, 3-12, 14-12, plate 28 
Chlorophoenacite, 138-7 
Chloroxiphite, 93-2 
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Chondrarsenite, 22-13 
Ghondrodlte^ 39-8, 140-A 
Ghromlte, 31-4, 8>D, plates 22, 24 
Chromitite, 227-8 

Ghrysobeiylp 1-6, 2-7, 9-b, plate 23 
Chrysoprase; apple-green chalcedony 
GhrysDColla 40-11, 58-11, 92-11, 102-A. 
plates 20, 28 

Ghrysolite, 16-7, 17-8, 95-A, plate 24 
GhrysotUe, 72-10, 133-A 
Chubutite (lorettoite) 

Churchite, 157-8 
Cimolite, 132-11 

Ginnabar, 100-1, 10-B, plate 19 

Cirrolite (kirroJite), 70-8 

Clarkeite, 32-2 

Claudetite, 127-5 

Glausthalite, 70-1, plate 20 

Gevelandite; a variety of albite 

Glinochlore, 164-9, 140-10, 10-C, plate 27 

Clinoclasite, 123-5 

Clinoenstatite, 215-8 

Clinohedrite, 72-7 

Clinohumite, 40-8 

Glinozoisite, 35-8, 42-D, 139 A 

Cobalt bloom (erythrite) 

Cobalt chalranthite, 68-11 
Cobalt glace (cobaltite) 

Cobalt nickelpyrite (siegenite and pyrite) 
Cobalt pyrite; pyrite containing cobalt 
Gobaltlte, 17-2, 15-B 
Cocinerite, 86-2 
Cockscomb pyrite (marcasite) 

Codazzite, 68-10 
Coeruleite (ceruleite), 216-9 
Coeruleolactite, 54-9, 42-10 
Cohenite, 15-1 
Colemanlte, 59-10, 79-A 
Colerainite, 120-10 
Collinsite, 109-9 
Gollophanite, 167-9, 59-A 
Collyrite, 126-11 
Goloradoite, 89-1 

Golumbite, 9-1, S-2, 8-3, 13-C, plate 19 
Colusite, 81-4, 102-5 
Comuccite (jamesonite) 

Gonlchalcite, 78-5, 65>A, plate 23 
Connarite, 118-10 
Connellite, 146-7 
Cookeite, 157-9 

Coolgardite; mixture of calaverite, coloradoite, 
and sylvanite 
Cooperite, 32-1 
Copiapite, 82-11, 9- A 
Gopper, 72-1, 2-B, plate 19 
Copper glace (chalcocite) 

Copper pyrite (chalcopyrite) 


Copperas (melanterite) 

Coqviimbite., 99-11 

Gordlerite (folite), 6-9. 3-10, 13S-A 

Cordylite, 81-5 

Corkite, 93-5 

Cornetite, 58-5 

Cornuite, 76-13 

Cornwallite, 77-5 

Coronadite, 46-3 

Corundophilite, 155-9 

Corvusite, 142-9 

Corundum, 1-5, 7-D, plate 21 

Corynite, 26-2, 49-3 

Cosalite, 63-2 

Cosmochlore, 4-13 

Cossyrite (enigmatite) 

Cotton stone; a form .of mesolite 
Cotunnite, 140-3 
Coulsonite, 1-13 
Govellite, 106-4, 35-B, plate 21 
Crandallite, 119-7 
Crednerite, 59-3, 63-4 
Creedite, 110-9 
Crestmoreite, 57-11 
Griatobalite, 4-11 
Grocidolite, 133-8, plate 26 
Grocolte, 68-2, 97-3, plate 20 
Cronstedtite, 130-7 
Crookesite, 71-2 
CroBsite, 57-8 

Cryolite. 185-8, 149-9, 2.C, plate 26 

Cryolithionite, 136-9 

Cryophyllite, 224-9 

Crytohalite, 153-11 

Cubanite, 109-5 

Cube ore (pharniacosiderite) 

Cub spar (anhydrite) 

Cumengeite, 94-4 
Cummingstonite, 53-7, 50-B 
Cuprite. 38-2, 82-A, plate 20 
Cupro-asbolane, 170-10 
Cuprobismutii e (emplectite) 
Cuprodescloizite, 40-2 
Cuproiodargyrite, 77-13 
Cuprojarosite, 97-12 
Cuprorivaite, 205-9 
Cuprosklodwskite, 136-13 
Cuprotungstite, 12-13 
Cuprozincite, 117-5 
Curite, 34r-l 
Curtisite, 80-12 
Cuspidine, 29-9 
Custerite, 58-9 

Gyanite (hyanite) (kyanite), 19-6, 30-D, 
plate 23 

Cyanochroite, 151-11 
Cyanotrichite, 207-9 
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Cylindrite, 107-3 
Cymophane (chrysoberyl) 

Cyprusite, 47-12 

Dachiardite, 29-11 
Dahllite, 95-8 
Dakelte (schroeckingerite) 

Danalite, 58-7 

Danburite, 11-8, 5-9, 26-D, plate 25 

Daphnite, 171-8 

Darapskite, 88-11 

Dashkesanite, 95-7 

Datolite, 85-8, 41-9, 112-A, plate 25 

Daubreeite, 96-2 

Dauhreelitc, 136-3, 105-4, 131-5, 105-6 

Davidsonite; greenish-yellow beryl - 

Daviesite, 78-13 

Davyiie, 34-10 

Dawsonite, 105-10 

Deeckeite, 137-11 

Dehrnite, 106-8 

Delafossite, 32-3 

Delessite, 156-9 

Delorenzite, 21-4 

Deltaite, 56-9 

Delvauxite, 24-12 

Dennisonite, 70-9 

Derbylite, 44-4 

Descioizite, 43-2, 70-3, plate 20 
Destinezite, 56-11 
Deweylite, 60-11, 93-11 
Dewindtite, 114-4 
Diabantite, 163-9 
Diaboeleite, 92-2 
Diadochite, 52-11 
Diamond, 1-7, 1-D 
Diaphorite, 67-2 

Diaapore, 15-7, 16-8, 12-D, plate 23 

Dickinsonite, 124-7 

Dickite, 156-10 

Didymolite, 67-9 

Dienerite, 137-13 

Dietrichite, 40-13 

Dietzeite, 84-6 

Digenite, 103-3 

Dihydrite, 65-5 

Dillage; a lemellar pyroxene 

Dillinite (kaolin ite) 

Diinorphite, 161-10 
Diopside, 65-7, 67-8, 44-D, plate 25 
Diopside-acmite, 42-7 
Diopside-jadeite, 28-8 
Diopside-hedenbergite, 44-7 
Dioptase, 86-7, 87-8, plate 25 
Dipyre (mizzonite) 

Disthene (cyanitc) 

Dixenite, 104-5 


Djahnaite, 30-3 
Dog tooth spar (calcite) 

Dognaskite; mixture of bismuthinite, chal- 
copyrite, etc. 

Dolerophanite, 79-13 
Dolomite^ 90^, 31 -A, plate 27 
Domeykite, 56-1 
Donbassite, 129-10 
Doughtyite, 138-13 
Douglaslte, 159-11 
Dravite (brown tourmaline) 

Dry bone (smithsonite) 

Dufrcnite, 122-7, 142-8 
Dufrenoysite, 82-3 
Duftite, 5()-2 
Dumontite, 80-13 

Dumortierite, 12-7, 13-8, plate 24 

Dundasite, 198-8 

Duparcite, 7-7 

Durangite, 55-5, 43-6 

Durdenite, 34-13 

Durfeldtite, 111-3 

Dussertite, 89-6 

Dysanalyte (Columbian perovskite) 
Dyscrasite, 41-1, 6-li 

Kakleite (xonotlite) 

Earlandite, 85-12 
Easonite, 212-8 

El)elmenite; psilomelane containing potassium 
Ecdeniite, 75-1, 70-2 
Echellite (thonisonite) 

E^tropite (benientite) 

Edenite, 56-8 
Edingtonite, 69-9 
Eggonite, 81-13 
Eglestonite, 78-1 
Egueiite, 193-9 
Eichbergite, 6-3 
Eichwaldite (jeremejevite) 

Eisenbrudte; probably a mixture of pyroau- 
rite, brucite, etc. 

Ekmannite, 178-9 
Elburssite, 107-11 
Electrum; natural gold, silver alloy 
Eleolite (nepthelite) 

Eleanorite (bcraunite) 

Elfestorpite, 13-13 
Ellestadite, 214-8 
Ellsworth ite, 62-6, 108-7, plate 24 
Elpidite, 7-10 
Embolite, 138-3, plate 21 
Emerald; emerald-green beryl 
Emerald, oriental; green gem corundum 
Emery; corundum mixed with magnetite, 
menatite, spinel, etc. 

Emmonsice, 8^13 
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Emplectite, 102-2 
Enipressite, 54-1 
Enalite, 113-4 
Enargite, 91-4, 115-S, 36-B, plate 23 
Endeiolite, 107-7 

Endlichite; yanadinite with vanadium par- 
tially replaced by arsenic 
Enelectrite, 139-13 
EngUshite, 113-10 
Enigrnatite (aenigmatite) 

Enstatitc, 72-8, 17-D 
Eosphorite,n2“8 
Ephesite, 42 -8 

Epil}Oulangerite; probably a mixture of Inm- 
laiigeritc and galena 
Epidcsinine, 140-11 
Epididymite, 75-7 

Epidote, 20-7, 21-8, 113- A, plate 24 

Epigenite, 78-4 

Epistilbile, 26-11 

Epistolite, 188-9 

Epsomite, 39-12, 7-A 

Epsom salts (epsomite) 

Equeiite, 172-10 
Erikitc, 60-7 
Erinite, 69-5 
Erionite, 156-11 
Eniita (grossularitc) 

Erritc, 196-9 
Erythrite, 179-9, 67-A 
Erythrosiderite, 82-13 
Escliwegeite, 33-3 
Eschynite, 27-3 

Esmeralda itc; shown to be a mixture 

Ettringite, 36 -1 2 

Kucairite, 93-1 

Euchlorine, 140-13 

Euchroite, 123-7 

Euclase, 8-8 

Eucolite, 90-8 

Eucryptite, 197-9, plate 27 
Eudialite, 81-8, 43-9 
Eulytite, 29-2 

Eumanite; probably brookite 
Euxenite, 20-3, 15-4, plate 21 
Evansite, 4—12 

Facillite (kaliopilite) 

Fairfieldite, 149-8 
Falkmanite, 87-2 
Famatinite, 7(»-4, plate 22 
Faratsihite, 21-11 
Faroelite (thomsonite) 

Faujasite, 2-12 

Fava; rolled mineral pebbles from the dia- 
mond sands of Brazil 
Fayalite, 19-5 


Felsodianyite, 159-10 
Feberite, 33-2 
Fergjanite, 195-8 
Fergusonite, 19-3, plate 20 
Ferroorite, 89-7 
Fernandinite, 83-13 
Ferrazite, 216-8 
Ferrierite, 45-11 
Ferrimolyltdite, 110-4, plate 21 
Ferri-paraluminite, 141-13 
Ferri-prehnite, 24r-9 
Ferri-sickleriie, 166-7, 217-8 
Ferrisymplessite, 198-9 
Ferroanthophyllite (actinolite) 
Ferrocolumbite, 6-2 
Ferrohalloysite, 122-11 
Ferrohastingsite, 173-7 
Ferronatrite, 151-10 
Ferropallidite (szmolnokite) 

Ferroschallerite, 16-13 
Ferrotungstite, 84-13 
Ferruccite, 17^10 
Fersmannite, 74-7 
Fervanite, 85-13 
Fibroferrite, 32-12 
Fibrolite (sillimanite) 

Fichtelite, 48-13 
Fiedlerite, 93-3 
Fillowite, 102-7 
Finnemanite, 84-1 

Fire opal; opal with rainbow color reflec- 
tions 

Fischerite, 41-10 
Fizelyite, 45-13 
Flagstaffite, 82-12 
Flajolotite, 86-13 
Flinkite, 59-6 

Flint; impure chalcedony with dull colors 
Float stone; a porous stone that floats on 
water 

Flokite (mordenite) 

Florencite, 87-7 
Fluellite, 47-11 
Fluoborite, 106-9 
Fluocerite, 23-2 
Fluoradelite (tilasite) 

Fluorapatite, 101-8, 56-A 
Fluorite, 131-8, 1-C, plate 26 
Fluorspar (fluorite) 

Forbesite, 184r8 
Forman ite, 17-3 

ForsterJte, 22-7, 20-8, 138-A, plate 23 
Foshagite, lll-lO 
Foshallassite, 117-10 
Fouqueite (plinozoisite) 

Fourmiarierite, 41-2 
Fraipontite, 142-13 
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Franckeite, 9S-3 

Francolite, 125-B 

Frankllnite, 16-3, 38-A, plate 20 

Freieslebenite, 98-2 

Fremontite, 73-8 

Friedelite, 118-8 

Frierinite, 207-8 

Frieseite, 133-5 

Fuchsite, 154-9, plate 27 

Fuggerite, 32-8 

Fuloppite, 122-3 

Gadolinite, 3-4, 15-5, plate 22 
Gageite, 147-7 

Gahnite, 1-4, S-S, 4-C, plate 22 
Gajite, 91-10 
Galaxite, 9'-5 

Galena, 95-1, 53-A, 19-B, plates 19, 20 
Galenobismutite, 5^-1 
Gamajarite, 47-4 
Ganonialite, 80-3 
GanophylUte, 76-9 

Garnet, 14-5, 11-6, 10-7, 14^8. 24-D plate 21 
Gamierite, 194-9, 171-10, 134-11, 134-A 
Gay-lussite, 15-12, 35-A 
Gearksutite, 177-9 
Gedrite, 60-8. 

Gehlenite, 03-8, 25-9 

Geikielite, 37-5 

Genevite, 206-8 

Genthlte, 79-10, plate 27 

Geocronite, 82-2, plate 22 

Geoceixite, 52-8 

Georgiadesite, 47-1 

Gerhardtite, 157-7 

Germanite, 73-4, 88-5, plate 21 

Gersdorffite, 2^3, plate 20 

Geyserite; siliceous deposits from geysers 

GibbsJte, 104-10, 59-11, 5-C 

Gille.spite, 148-7, plate 24 

Gilpinite (johanriite) 

Gilsonite, 34^12 
Ginorite, 37-11 
Giobertite (magnesite) 

Girnarite, 168-7 
Gismondite, 23-11 
Gladite, 75-2 
Glaserite (aphthitalite) 

Glass, 45-9 

Glauberlte, 138-9, 76-A, plate 27 
Glaucochroite, 47-7 
Glaucodot, 19-2, 38-3 
Glaucokerinite, 189-9 
Glauconite, 153-10, 105-11, 49-D 
Glaucophane, 41-8, 48- D, plate 25 
Glockerite, 54r-13 

Gmelinite, 24-11, 121-A, plate 27 


Goethlte, 49-5, 41-6, 80-7, 82-8, 86-A, plate 
23 

Gold, 66-1, 2-D, plate 19 
Gold amalgam, 123-1 
Goldfieldite, 20-12 
Goldschmidtine (atephanite) 

Goldschmidtite (sylvanite) 

Gonnardite, 19-11 

Goongarrite, 60-1 

Gordonite, 39-11 

Goslarite, 100-11, 33-12 

Gossan; limonite cap of an ore body 

Gosseletite (viridine) 

Goyazite, 89-8 
Gradidierite, 7-8 . 

Graphic granite; an intergrowth of quartz and 
feldsiiar resembling Egyptian writing 
Graphite, 124-11, 40-D, plate 28 
Gratonite, 89-2 
Green lead ore (pyroinorphite) 

(Trecnalite, 200-9 

Greenockite, 77-3, 85-4, 46- A, plate 22 
Griffithite, 130-11 
Griphite, 76-7 
Grodnolite, 53-9 

Grossularite, 13-6, 11-7, plate 23 
Grothine, 77-8 
Gruenerite, 52-7, plate 24 
Gruenlingite, 109-1 
Guana juatite, 51-2 
(^uarinite, 39-7 
Gudmundite, 7-2 
Guejarite (chalcostibite) 

Guildite, 159-9 
Guitermaiiite, 79-3 

Gummite, 49-2, 78-3, 82-4, 105-5, 85-6 
Gumacionite; arsenic bearing sphalerite 
Gunnaritc (pentlandite) 

Gypsum, 119-11, 77-A 
GyroUte, 82-10 

Hackmanite, 88-7 
Haeniatophanite, 79-1 
Hagatalite, 8-5 
Haidingerite, 180-9 
Hainitc, 103-8 
Hair salt (epsomite) 

Halite, 127-10, 77-11, 10-A, plate 28 
Halloysite, 125-11, 131-A 
Halotrichile, 106-11, 55-12 
Hambergite, 2-10 
Hanilinite, 121-8 
Hammarite, 19-13 
Hancockite, 17-5 
Hanksite, 98-10, plate '28 
Hannayite, 83-12 
Hanusite, 127-11 
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Harbortite, 40-^9 

Hardystonite, 136-7 

Harmotome, 56-10, 93-A, plate 25 

Harstigite, 75-8 

Hartite, 115-8 

Hastingsite, 59-8 

Hatchetdte, 75-12 

Hatchettolite, 50-4 

Hauchecornite; a mixture 

HaueritCi 113-7 

Haueynite* 30-10, 100-A 

Hausmannite, 35-4, 42-A, plate 22 

Hautefeuillite, 132-10 

Hawaiite; gem olivine from Hawaiian I.slanc 

Headdenite, 83-7 

Heavy spar (barite) 

Heazelwoodite (pentlandite) 

Hebronite (aniblygonite) 
liedenbergite, 08-7, plate 25 
Hegyphane, 60-3 
Ileintzite, 20-11 
Heiiiophyllite (ecdemite) 

Hellandite, 37-6, 73-7 
Helvite, 33-7. 37-8 
Henialibrite, 141-7 
Hematite, 25-3, 84-A, plate 22 
HematoHte, 129-7, 15^8 
Hematophanite (haematophanite) 
Ilemimorphite (calamine), 98-7 
Hercynite, 3-6 
Herderite, 98-8, 50-9 
Herrengrundite, 183-8 
Herzenbergite, 178-13 
Hessite, 81-1 
Hessonite, 49-7 
Hetaerolite, 13-3, 18-4 
Hetcrogenite, 132-7 
Heteromorpliire, 99-3 
Heterosite, 61-7 
Heubachite, 101-6 
Heulandlte, 32-11. 91 -A 
Hewettite, 188-10 
Hexahydrite, 92-12 
Hibschite. 53-8 

Hiddenite; green gem spodumene 
Hielmite (hjelmite), 41-3 
Hieratite, 211-9 
Higginsite, 82-5 
Hilgardite, 60-9 
Hillebrandite, 37-9 
Hinsdalite, 57-4 
Hiortdahlite, 62-8 
Hisingerite, 163-8, 120-9, 108-10 
Histrixite, 41-13 
Hjelmite, 41-3 
Hochschildite, 87-4, 119-5 
Hodgklnsonite, 49-6 


Hoeferite, 148-10 
Hoegbomite, 18-6 
Hoelite, 95-12 
Hoernesite, 162-10 
Hohmannite (aniarantite) 

Holdenite, 96-5 
Hollandite, 19-4 

Holmquistite; lithium glaucophane 
Homolite, 85-7 
Hopeite, 135-9 

Hornblende, 64r-7. 65-8, 47-D. plate 25 
Horn quicksilver (calomel) 

Horn silver (cerargyrite) 

Hornstone (chert); like flint but more brittle 
Horsfordite, 33-1 
Hortonolite, 16-6 
Houghite (hydrotalcite) 

Howlite, 85-10 
Huebnerite, 24-1. plate 19 
Huegelite, 4^-3 
Hu bite, 122-5 

Humboldtine, 155-10, 111-11 
Humite, 38-8 
Hureaulite, 97-8 
Hutchinsonite, 107-4 
Hyalophane, 15-9 
Hyalotekite, 40-6 
Hydragillite (gibbsitc) 

Hydrobiotite, 119-9 
Hydrobismutite (bismutite) 

Hydroboracite, 110-11, 43-12 
Hydrocalumitc, 48-11 
Hydrocerussite, 45-2 
Hydrocyanite, 87-13 
Hydrogiobertite, 144-11 
Hydrogoethite, 70-6 
Hydrohetaerolite, 27-4 
Hydromagnesite, 38-11, 34- A 
Hydromagnocalcite, 165-10 
Hydromelanthallite, 143-13 
Hydronephelite, 36-10, 7-11 
Hydrophilite (.chlorocalcite), 63-11 
Hydroromeite, 44-6 
Hydrotalcite, 109-11 

Hydrotenorite; mixture of tenanite and chry- 
socolla 

Hydrothomsonite, 160-1 1 
Hydrothorite, 47-13 
Hydrotitanite (anatase) 

Hydrotungstite, 104-4 
Hydroxanthite; sienna earth 
Hydrozincite, 104-6, 155-7, 306-A, plate 24 
Hypersthene, 67-7, 104'A, plate 24 

lanthinite, 88-13 
lanthite (ianthinite) 

Ice, 67-12 



MINERAL INDEX 


Iceland spar; clear crystallized calcife 
Iddingsite, 148-9 
Idocrase (vesuvianite), 28-7 
Idrizite, 12-12 
Igalikite, 33-10 
Iglestromite, 176-13 
Ihleitej 31-12 
llesite, 89-13 
lllite (bravaisite) 
llmenite, 25-4, 88-A, plate 22 
llsmannite, 177-13 
Ilvaite, 35-5, 31-6, 115-A, plate 21 
Impsomite; natural asphalt, similar to al- 
bertite 

Inathite (ianthinite) 

Inderborite, 13-12 
Inderite, 87-12 
Indicolite; blue tourmaline 
Inesite, 46-8 

Infusorial earth; siliceous shells of diatoms, 
etc. 

Inyoite, 50-12 
lodembolite (iodobromite) 
lodobromite, 141-3 
lodyrite, 139-3 
lolite, 6-9, 3-10, 135.A 
Ionite (anauxite) 
lozite, 144-13 
Iridium, sec iridosmine 
Iridosmliie, 3-1 
Iron, 39-1 

Iron akermanite, 74-8 
Iron anthophyliite, 22-6 
Iron-copper chalcanthite, 70-11 
Iron meteorite, plate 19 
Iron reddingite, 119-8 
Iron rhodonite, 48-7 
Irvingite, 90-13 
Ishikawaite, 14-2 
Ishkulite, 11-3 
Ishkyldite, 163-10 
Isoc:1asite, 185-9 
Itacolumlte, 

Ivaarite, 25-6 
Ixiolite, 10-1 

Jacobsite, 17-4 

Jade (/lephrite and jadeitc) 

Jadeite, 17-7, 19-D, plate 24 
Jamesonlte, 108-3, 44-A, plate 22 
Janite, 131-11 
Jarlite, 83-6 

Jarodte, 161-8, 96^12, 73-A, plate 26 
Jasper; impure, opaque chalcedony of various 
colors 

Jaunite, 208-8 
Jefferidte, 123—11, plate 28 


Jeffersonite, 105-7 
Jcremejevite, 26-8 
Jeromite, 145-13 
Jezekite, 75-9 
Joaquinite, 24r-6 
Johannite, 192-8 
Johannsenite, 46-7 
Johnstrupite, 140-8 
Jordanite, 54-2 
Joseite, 106-1 
Josephiuite, plate 19 
Julienite, 89-12 
Jurupaitc, 83-9 

Kaemmcrerite, plate 24 
Kaersutite; titanian hornblende 
Kainite, 62-11, 3-A 

Kalgoorlite; mixture of coloradoitcand pelzite 
Kaliborite, 25-11 
Kalicinitc, 143-11 
Kallnite, 37-12, 4.A 
Kaliophilite, 20-10 
Kaikowskite, 107-5, 87-0 
Kaliphite; mixture of iron and manganese 
oxides with zinc silicates 
Kalsilite, 210-9 
Kamerezite, 94-6 
Kaolinite, 143-10, 35-D 
Karachaite, 147-11 
Kasoite, barium feldspar 
Kasolitc, 52-3 
Kauaiite, 167-10 
Kayserite, 55-7 . 

Keeleyite (zinkenite) 

Kehoeite, 186-10 
Keilhauite, 26-7 
Kempite, 111-9 
KentroUte, 20-2 
Kermesite, 112-4 
Kemlte, 23-12, 18-A 
Kertschenite, 95-10 
Keweeiiawitc; a mixture 
Khlopinite, 143-3 

Kidney ore; renifonn masses of hematite 
Kidney stone (nephrite) 

Kielhauite, 17-6 
Kieserite, 97-10 
Kilbrickenite (geocronite) 

Kipushite (arakawaite) 

Kirovite, 29-12 
Kirrolite (cirrolite) , 

Kiscellite, 44r-12 
Klaprothite, 81-2 
Klebelsbergite, 17M3 
Kleinite, 49-1 
Klockme^nnite, 89-3 
Knebelite, 18^5, 15-6 
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Knopite. 55^5 

Knoxvillite; chromium bearing copiapite 
Kdbellite, Mr-2 
Kochite, 2l8f^> 

Koechlinite, 91-13 
Koenenite, 81-12 
Koettigite, 179-8 
Kolbeckine, 172-13 
Kolbeckite, 74-10 
Kolovratite, 92-13 
Kolskite, 125-10 
Koninckite, 36-11 
Koppte (pyrochlore) 

Kornelite, 136-11 
Kornerupine, 30-7, 24-8 
Kossmatite, 35-13 
Kotoite, 29-8 
Kramerite, 84^11 
Kratockvilite, 88-12 
KraurJte (dufrcnitc) 

Krausite, 160-9 
Kremcrsite, 93-13 
Rrenneritc, 87-1 
Kreiizbergite (fluellite) 

Kroelinkite, 19-12 
Krugite, 112-9 

Kunzite; clear reddish spcnluniene 
Kurnakovite, 10-12 
Kurskite, 199-9 
Kutnorite, 146-13 

Kyanite (cyanite), 19-6,14-7, 30-D, plate 23 

Labite, 149-11 
Labradorite, 28- 9, plate 28 
Lacroixite, 137-8 
Lagunite, 94-13 
Lamprophyllite, 117-7 
I^inprostibian, 14-13 
Lanarkite, 97-2 
I^ndesite, 197-8 
I-angbanite, 5-4 
Langebeinite, 93-9 
Laiigite, 150-7 
Lansfordite, 22-12 
Lanthanite, 140-9, 116-10 
Lapis-lazuli (lazurite) 

Lapparentite (tamarugite) 

LarderelLite (amraonioborite), 49-13 
Larnitc, 95-13 
Larsenite, 92-3 
Lassalitc, 91-12 
Laubanite, 17-11 
Lauderbackite, 65-11 

Laumontite, 76-10, 31-11, 118-A, plate 28 
L^urionite, 50-2 
Laurite, 1-2 
Lausenite, 96-13 


1-autarite, 72-4 
Lautite, 84r4 
Lavenite, 38-7 
Lawrencite, 220-9 
Lawsonite, 4-8 

LozuUte, 69-8, 37-D, plate 25 
lazurite, 37-10, 101-A, plate 28 
Lead, 115-1 
Lead glance (galena) 

Leadhillite, 88-2 
Lechatelierite, 2-11 
Lecontite, 36-13 
Ledouxite; a mixture 
Legrandiie, 14 1 -5 
Lehiite, 38-9 
Lehnerite (ludlamite) 

Lehrbachite (tieniannite and clausthalite) 
Leihte, 23-10 
Leigh tonite, 121-9 
Lengenbachite, 142-3 
Leonardite (laumontite) 

Leonite, 55-11 
Lepidocrosite, 64-5 

Lepidolite, 98-9, 131-9, 26-A, S2-D, plate 
20, 27 

Lepidomelane, 162-8, plate 26 
Lessingite, 56^-4 
Letovicite, 86-12 
Leuchtenbergite, 107-9 
Leucite, 31-10, 90-A, plate 28 
Leuchochalcite, 97-13 
Lcucoglaucite, 147-13 
Leucophanite, 77-9 
Leucophoenicite, 29-6 
Leucophosphite, 180-10 
Leucosphenite, 33-8 
Leverrierite (beidellite) 

Levynite, 28-11 
Lewisite, 32-4 
Lewistonite, 100-8 
Libethenite, 65-6, 112-7 
Libolite (albertite) 

Liebigite, 37-13 
Lillianite, 83-1 
Lime, 156-8 

Limestone; massive calcium carbonate 
Limestone, magnesian (dolomite) 

Limonite, 71-5, 54-6, 81-7, llfr-8, 46-9, 
87-A, plate 21 
Linarite, 114-3, plate 22 
Lindackerite, 139-10,97-11 
Llndgrenite, 7S^5 
Lindstromite, 53-1 
Llnnaelte, 40-4, plate 22 
Linnite; bog ore of recent origin 
Liroconite, 168-9 
Liskeardite, 134-8 
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Litharge (massicot), 107-1 
Lithia mica (lepidolite) 

Lithiophylite, 96-7, 54-A| plate 25 
Liveingite, 87-3 

Livingstonite, 130-3, 100-4, 130-S, plate 21 

Load stone; magnetite possessing polarity 

Loeweite, 119-10 

Loewigite, 80-10 

Loellin^itei 26-1, plate 19 

Loparite; Columbian perovskite 

Lopezite, 148-13 

Lorandite, 127-3 

Loranskite, 45-4, 63-5 

Lorenzenite, 37-7 

Lorettoite, 59-1 

Loseyite, 167-8 

Lossenite (beudantite) 

Lotrite, 9-8 
Louderbackite, 65-11 
1-ovchorrite, 105-8 
Lovozerite, 51-10 
Lubeckite, 95-4 
Lucianite, 152-11 
Lucinite (variscite) 

Ludlamite, 145-8 
Ludwigite, 52-5, 48-6, plate 23 
Lueneburgite, 139-11 
Lusakite, 5-6 

Lydian stone; velvety black, flinty jasper 
Lyndochite, 8-4 

Mackayite, 54-4 
Mackensite, 88-4 
Mackintoshite, 35-3 
Maghemite, 6-13 
Magnesia alum (pickeringite) 
Magncsiochromite, 42-5 
Magnesiofcrrite, 13-4 
Magnesioludwigitc 
Magnesiosussexite, 123-9 
Ma^esite, 129-8, 29-A, plate 26 
Magnesium clilorophoenicite, 140-7 
Magnesium orthite, 116-6 
Magnetic iron ore (magnetite) 

Magnetic pyrite (pyrrhotite) 

Magnetite, 18-3, 85- A, plate 22 
Magnetoplumbite, 12-3 
Magnophoritc, 230-8 
Maitlandite, 138-5 

Malachite, 100-5, 76-6, 23-A. plate 23 

Mala con, 118-5 

Maldonite, 113-1 

Malladrite, 225-9 

Mallardite, 98-13 

Manandonite, 208-9 

Manaaseite, 116-11 

Manganapatite, 223-8, plate 26 


Manganbrucite, 176-10 
Manganepidote, 41-7 
Manganese alum (apjohnite) 

Manganese chalcanthite, 73-11 
Manganfayalite, 21-5 
Manganite, 86-5, 41-A, plate 23 
Manganolangbeinite, 221-8 
Manganophyllite, 95-9 
Manganosite, 28-3 
Manganospherite, 93-7 
Manganostibiite, 99-13 
Manganotantalite, 3-2 

Marble; compact, massive limestone fit for 
polishing 

Marcasite, 10-4, 16-B, plate 22 

Margarite, 130^8, 84-9, 127-A, plate 26 

Margarosanite, 97-6, 149-7 

Marialite, 29-10 

Marignacite, 51-5 

Mariposite, 62-9, plate 27 

Marrite, 27-13 

Marshitc, 120-3 

Martinite, 195-9 

Martite; a form of hematite 

Mascagnite, 35-12 

Massicot, 104-1 

Matildite, 83-2 

Matlockite, 76-1 

Mauchcrite, 29-1 

Maufite, 50-11 

Mauzeliite, 7-3 

Mazapilitc, 101-7 

Mcgovemite, 95-6 

Meerschaum (sepiolite) 

Meionlte, 27-9 
Melanitc, 9-6 
Melanocerite, 38- 5 

Melanochalcite; mixture of tenorite, chryso- 
colla and malachite 
Melanophlogite, 3-11 

Melanosiderite; probably a mixture of iron 
and a silicate 
Melanostibian, 15-13 
Mclanotekite, 2-3 
Melanovanadite, 153-7 
Melanterite, 46-12, 8-A 
Melilite, 93-8, 49-9 
Meliphanite, 84-8 
M elite, 54-11 
Mellite, 41^12 
Melnikovite, 124r^5 
Melonite, 117-1 
Mendelejevite (betafite) 

Mendipite, 74-1 
Mendozite, 11-12 
Meneghinite, 90-2 
Mercallite, 138-11 
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Mercury, 119-1, 3-B 
MerrilUte, 225-8 
Merwinite, 55-8 
Mesitite, 121-7 
Mesolite, 44^10, 13-li 
Messelite, 158-8 
Metabrushite (brushite) 

Metacinnabar, 61-1 
Metagreenalite, 219-8, 201-9 
Metahewettite, 187-10 
Metajarlite, 61-6 
Metaloi:>ante, 62-5 
Mctarossite, 55-13 
Mctasimpsonite (microlite) 

Metatorbernite, 106-6 
Metatriplite, 171-7 
Metavariscite, 67-10 
Metavauxite, 109-10 
Metavoltine, 126-10 

Meteoric iron; native iron in a meteorite, 
plate 19 

Mexican onyx; translucent marble from 
Mexico 

Meyerhofferite, 117-11 
Meyersite, 149-13 
Miarg>Tite, 124-3 
Microcline, 15-10, 15-D, plate 28 
Microcosmic salt (stercorite) 

Microlite, 16-2, plate 20 
Microsommite, 22-10 
Miedziankite; zincian tennantite 
Miersitc, 132-3 
Milarite, 28-10 
Milleritc, 74-3, plate 22 
Millisite, 35-9 
Milloscvicliite, 150-13 
Milost:hite, 90-11 
Mimetite, 45-1, 30-B, plate 19 
Minasragite, 100-13 
Mindigite (heterogenite), 152-8 
Minguetite, 217-9 
Minium, 91-1 
Minyulite, 87-10 
Mirabilite, 60-12, 6- A 
Misenite, 101-13 
Mispickel (arsenopyrite) 

Mitcherlichite, 183-10 
Mitridatite (raithridatite), 151-13 
Mixite, 81-6 
Mizzonite, 27-10 
Mohavite (tincalconite) 

Mocha stone (moss agate) 

Mohawkite; a mixture 
Moissanite, 2-8 
MolengraafHtc, 103-7 
Molybdenite, 111-4, 5-B, plate 23 
Molyljdite (fcirimolybdite) 


Molybdophyllite,JB0-4 
Molysite, 214-9 

Monazlte, 37-3, 36-4, 63-A, plate 22 
Monetite, 101-9 
Monimolite, 16-1, 13-2 
Monite; mixture of francolite and dahlite 
Montanite, 109-6 
Montebrasite, 44^-8 
Montgomeryite, 73-10 
Monticellite, SO-8, 96-A, plate 25 
Montmorillonite, 133-11 
Montroydite, 97-1 

Moonstone; adularia with opalescent reflec- 
tions, plate 28 
Mooreite, 110-10 
Moravite, 93-10 
Mordenite, 35-11 
Morencite (nontronite) 

Morenosite, 101-11, plate 28 
Morinite, 82-9 
Mosandrite, 132-8, 78-9 
Moschcllandsbergite, 51-1 
Mosesite, 21-13 

Moss agate; translucent chalcedony with 
moKS’like or dendritic inclusions 
Mossite^ 12-1 

Mountain cork; a form of tremolite 
Mountain leather; a form of tremolite 
Mountain wood; a form of tremolite 
Muellerite, 78-12 
Mullaiiite (boulangerite) 

Mullite, 23—8 

Mundic; miner's name for pyrite and 
marcasite 

Munkforssite, 9-13 
Munkrudite, 152-13 
Murmanite, 144-9 

Muscovite, 191-8, 162-9, 34-D, plate 26 
Muscovy glass (muscovite) 

Muthmannite, 110-3 

Nacrile; a kaoline mineral 
Nadorite, 43-1 
Naegite, 10-5 
Nagatelile, 39-6 
Nagya^ite, 116-1, plate 19 
Nahcolite, 145-11 

Nailhead spar; calcite having this reseipblance 

Nantokite, 103-6 

Narsarsukite, 9-9 

Nasonite, 88-3 

Natroalunite, 64-10 

Natrochalcite, 57-10 

Natrodavyne, 25-10 

Natrojarosite, 165-8 

Natrolite, 12-11, 123-At plate 24 

Natron, 69-12, 20-A 
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Natrophilite, 99-7 
Naiimannite, 90-1 
Naujakasite, 122-10 

Nauruite; mixture of francolite and dahlite 

Nemaphyllitep 107-10 

Neopurpurite, 209-8 

Neotantalite; altered microlite 

Neotocite, 92-9, 81-10 

Nephelite (nepheline), 26-10, 109-A 

Nepouite, 193-8, 169-9, 146-10 

Neptunite, 71-8, plate 24 

Nesquehonite, 21-12 

Newberyite, 42-11 

Newtonite, 173-10 

Niccollte, 23-1, 43-D, plate 19 

Nickel iron, 28-1 

Nickel oxide, 175-13 

Nickel skuttcrudite, 9-2 

Nicolayite, 142-5 

Nigrite; a variety of natural asphalt from 
Utah 

Nigglite, 114-5 

Niter (nitraline), 108-11, 13-A 

Nitratite (so^laniter), 121-11, 14-A, plate 28 

Nitrobarite, 220-8 

Nitrocalcite, 5()-13 

Nitroglauberite, 102-13 

Nitromagnesite, 103-13 

Nocerite, 209-9 

Nohlite, 47-3 

Nontronite, 168-10, plate 27 
Norbergite, 47-8 
Nordenskioeldine, 31-5 
Nordite, 63-7 
Norilskite, 174-13 
Normaniiite (bismutite) 

Northupite, 77-10 

Nosellte, 32-10, 8-11 

Nuolaite; possibly altered samarskite 

Oberite, 58-4 
Ochre, brown (limonite) 

Ochre, red (hematite) 

Ochrolite (nadorite), 23-13 
Octahedrite (anatase), plate 24 
Okenite, 16-11 
Oldhamite, 61-10 
Oligoclase, 10-9, 8-10, plate 28 
Oliveiraitc, 153-13 
Olivenite, 116-5, 32-B, plate 23 
Olivine (chrysolite), 16-7,1 7-8, 137-A,plate24 
Onofrite; raetacinnabar containing selenium 
Onyx; banded chalcedony 
Onyx, Mexican; transparent marble from 
Mexico 

Opal. 5-11, 1-12, 6-D. plate 27 
Orangite, 44-3 


Oriental alabaster; a fmrm of translucent 
calcite 

Oriental amethyst; clear, purple corundum 
Oriental emerald; clear, green corundum 
Oriental ruby; clear, red corundum 
Oriental topaz; clear, yellow corundum 
Orientite, 107-8 

Orinthite (francolite and dahlite) 

Orpiment, 159-7, 37-B, plate 25 
Orthite (allanite) 

Orthoclasc, 17-10, 14-D, plate 28 
Oruetitc; shown to be a mixture 
Osborn ite, 1-3 

Osniite; iridium, osmium mixture 
Otavite, 104-13, 

Otaylite; a variety of bentonite clay 

Ottrelite, 19-8 

Overite, 65-10 

Owheeite, 95-2 

Oxamite, 77-12 

Oxykertschenite, 92-10 

Oyarnallte, 6-5 

Ozocerite (ozokerite), 76-12 

Pachnolite, 164-8, 122-9 
Palacheite (botryogen) 

Palaite, 213-8 
Paladinite, 122-1 
Palladium, 38-1 
Palladium amalgam (potarite) 

Palmierite. 167-7 
Pandermite (priceite) 

Paracelsian; mi\-ture of celsian and orthoclase 

Paracoquimbite, 155-11 

Paraffin, 74r-12 

Paragoiiite, 134r“9, plate 27 

Parahilgardite, 61-9 

Farahopeite, 144-8 

Paralaurionite, 111-2 

Paraluininite, 57-13 

Paramelaconite, 28-2 

Paranietacamite; twinned atacamite 

Pararammelsbergite, 30-1 

Parasepiolite, 103-11 

Paratacainite, 92-6 

Paraurichalcite, 154-13 

Paravauxile, 53-11 

Paravivianite, 174-9 

Paredrite, 147-5 

Pargasite; a form of hornblende 

Parkerite, 63-1 

Parisite, 80-5 

Parsettensite, 175-10 

Parsonsite, 112-2 

Partschinite, 16-5, 

Partzite, 82-6 
Pascoite, 135-10 
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Pfttemoite, 142-11 
Patronite, 155-13 
Peacock ora (bomite) 

Pearceite, 55-2 
Pearl spar (dolomite) 

PectoUte, 52-9p 108-Ap plate 27 

Peganite, lOQ-lO 

Pencil stone (pyrophylUte) 

Penfieldite, 105-13 

Pennlnlte, 165-9, 141-10, 128-A, 9-C, plate 
27 

Penroaeite, 67-1, 61-2 

Pentlandltet 64-3, 75-4, 9<B, plate 21 

Percylite, 134-3, 103-4 

Peredrite, 114-6 

Periclase, 71-7 

Peridot (chrysolite) 

Perofsklte (perovskite), 45-5, 34-6, 12-C, 
plate 21 

Petalite, 16-10 
Petzite, 69-1 

Pharmacolite, 166-9, 142-10 
Pharmacosiderite, 186-8, 151-9 
Phenaclte (phenakite), 5-8, 1-9, 25-D, 
plate 25 

Phillipsite, 27-11, 19-A, plate 27 
Phlogopite, 137-9, 17-C, plate 27 
Phoenicochroite, 73-3 
Pholidalite, 71-10 
Phosgenlte, 60-2, 28-B, plate 20 
Phosphoferrite (iron reddingite) 
Phosphophyllite, 147-8 
Phosphosiderite, 85-9 
Phosphorus, 156-13 i 
Phosphor-rosslerite, 28-12 
Phosphuranylite, 106-13 
Picite, 94-9 
Pickeringite, 70-12 
Picotite, 4-5 
PicroamosiCe, 170-13 
Picroilmenite, 27-5 
Picromerite, 78-11 
Piicropharmacolite, 169-10 
Picrotephroite, 28-5 
Piedmontite, 25-7, plate 23 
Pigeonite, 51-7 
Piibarite, 89-4 
Pinakblite, 20-6 
Pinnoite, 134-7, 148r-8 
Pintadoite, 107-13 ^ 

Pirssonite, 102-10 
Pisanite, 18-12, plate 28 
Pisekite, 30-7 
Pistomesite, 126-7 
Pitchblende (uraninite) 

Pitticite, 12f-l0, 66-11 
Plagioclase; a group of feldspars 


Pladlonite, 116-3 
Plancbeite, 78-7 
Planerite, 46-10 
Planoferrite, 24-13 

Plasma; green semi-translucent chalcedony 

Platinum, 37-1 

Platiniridium, 6-1 

Plattnerite, 20-1 

Hatynite, 81)- 1 

Plazolite, 31-8 

Plenargyrite (niatildite) 

Pleonaste^ 4-6, plate 21 
Plumbago (graphite) 

Pliiml>ocalcite, 125-9 
Pluml)oferrite, 21-2 
Plumfjogumriiite, 52-4, 74-5 
Plunil)ojarosite, 163-7 
Plumbomalacliite, 157-13 
Pluiiiboniobite (saniarskite) ‘ 
Plunibostannite; probably a mixture contain- 
ing franckeite 

Plumbosynadelphite; synadelphite contain- 
ing lead 
Podolite, 111-8 
Poechite, 80-6 

Polianite; crystallized pryolusite, plate 22 

Pollucite, 11-9, plate 26 

Polyargyrite, 78-2 

Polybasite, 76-2, 25-B, plate 22 

Polycrase, 21-3, 16-4, plate 22 

Polydymite, 41-4 

Polyhallte, 139-9, 1-A, plate 27 

Polylithionite, 175-9 

Polymignytc, 6-4 

Portlanditc, 114-11 

Potarite, 44-1 

Potash alum (alum) 

Powellite, 77-4 

Prehnite, 14-9, 97-A, plate 26 
Priceite, 114-10 
Priorite, 26-3, 28-4 
Probertite, 6-12 
Prochlorite, 182-9 
Prolectite (chondrodite) 

Prosopite, 68-9 
Protolithionite, 175-8 
Proustite, 125-3, 22-B, plate 20 
Pseudoboleite, 119-3, 93-4 
Pseudobrookite, 20-4, 25-5 
Pseudomalachite, 66-5, 51-6, 92-7 
Pseudomesolite, 15-11 
Pseudopalaite, 226-8 
Pseudowavellite, 55-9 
Psilomelane, 26-4, 39'A, plate 22 
Psittacinite, 108-13 
Ptilolite, 14!-11 
Pucherite, 35-2 
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Pufahlite; mixture of teallite and wurtzite or 
sphalerite 
Pumpelleyite^ 7^8 
Purple copper ore (bomite) 

Purpurite, 109-7 
Pycnochlorite, 183-9 
Pyrargyrite, 109-3, 21-11, plate 20 
Pyreneite, 13-7 

Pyrlte, 10-3, 11-4, 13.B, plates 21, 22 
Pyrite, arsenical (arsenopyrite) 

Pyrite, capillary ( miller ite) 

Pyrite, cockscomb (niarcasite) 

Pyrite, copper (chalcopyrite) 

Pyrite, iron (pyrite) 

Pyrite, magnetic (pyrrhotite) 

Pyrite, radiated (marcasite) 

Pyrite, spear (marcasite) 

Pyrite, tin (stannite) 

Pyrite, white iron (marcasite) 

Pyroaurite, 74-11 
Pyrolielonite, 71-3 
Pyrochlore, 50-5 
Pyrochroite, 187-8 

Pyroclasite; mixture of francolite and dahlite 
Pyroluslte (crystalline), 9-3, 40-A, plate 
21 

Pyroluslte (massive), 126^3, 99-4, 129-5, 
40-A, plate 21 

Pyromelane; probably brookite 
Pyromorphite, 42-1, 37-2, 29-B 
I*yrope, 12-6, plate 23 
Pyrophanite, 24r4 
Pyrophosphorite (whitlockite) 

P^phyllite, 184-9, 11-C, plate 27 
Pyrosmalite, 128-8 
Pyrostilpnite, 131-3 
Pyroxene, 66-7, 68-8, 18-D 
Pyroxmangite, 28-6 
Pyrrhite, 139-5 

Pyirhoyte, 62-4, 47-A, plate 21 

Quartz, 4-10, 5'D, plates 19, 20, 22-26 

Quartzine, 5-10 

Quenselitc, 94-2 

Quercyite, 122-8 

Quenstedtite, 81-11 

Quetenite, 49-11 

Quirogite; probably impure galena 
Quicksilver (mercury) 

Racewinite, 20-12 

Racieite; psilomelane containing calcium 

Radiophyllite, 123-10 

Radiotine, 215-9 

Raimondite, 160-8 

Ralstonite, 54-10 

Ramdobritei 135-3 


Ranisayite, 45-7 
Rammelsbergite, 14r-l 
Ramsdellite, 90-4 
Ransomiie, 137-10 
Raspitc, 31-13 
Rathite, 84-3 
Rauvite, 158-13 
Realgar, 160-7, 38-B, plate 25 
Red antimony (kermesite) 

Red chalk (hematite) 

Red popp)er ore (cuprite) 

Red ochre (hematite) 

Red zinc ore (Izincite) 

Reddingite, 159-8 
Reinite, 34-2 
Remingtonite, 58-13 
Renardite, 145-5 

Renjforite (reniformite) (jordanite) 

Repossite, 5(H) 

Retzian, 92-5 
Reyerite, 94r-10 
Rezbanyite, 80-2 
Rhabdophanite, 108-5, 86-6 
Rhanidohrite (andorite) 

Rhodizite, 5-7 

Rhodochroslte, 110-7, 27-A, plate 25 
Rhodolite, 1(H^ 

Rhodonlce» 26-6, 54-7, 106-A, plate 23 

Rhoenite, 169-7 

Rhomboclase, 43-13 

Richterite, 58-8 

Rickard Lte, 52-1 

Riebeckite, 118-7, plate 25 

Rilandite, 29-13 

Rinkite, 82-7 

Rinkolite, 90-7 

Rinneite, 115-10 

Risorite; variety of fergusonite 

Rittingerite (xanthoconite) 

Riversideite, 112-10 
Riviate, 48-10 
Riviotite, 125-7 

l^bellazite; probably a mixture containing 
coLumbium, tantalum, tungsten, vanadium, 
etc., 159-13 

Rock crystal; crystallized quartz 
Rock salt (halite) 

Roeblingite, 139-7 
Roemerite, 41-11 
Roepperite, 33-5, 30-6 
Romancheite; probably a mixture containing 
psilomelane 
Romanite, 90-12 
Romeite (romeine) (atopite) 

Rosasite, 83-5 
RoEcherite, 72-4) 

RoBcoellte, 130-9 
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Rose qiiartz; quartz with a rose-red or pink 
color 

Koselite, 127-7 
Rdsenbuschite, 6(!^ 

Rosickyite, 135-11 
Rosieresite, 150-11 
Rossite, 124-10 
Roweite, 04r-9 
Rowlandite, 4-4 

Rubeliite; red or pink tourmaline 
Ruby; clear reel corundum 
Ruby, aliiiandine; violet spinel 
Ruby, balas; rose-red spinel 
Ruby, oriental; clear, red corundum 
Ruby, spinel; magnesian spinel 
Ruby blend (sphalerite) 

Ruby cop[)er (cuprite) 

Ruby sih'er (pyrargyrite) (proustite) 

Ruby zinc (sphalerite) 

Runipfite, 187-9 
Russelile, 46-1 

Rulhenosmiridium; iridosniine containing 
ruthenium 

Ruiherfordine; altered fergusonite 
Rutile, 24^5, 11-D, plate 21 

SaiBorite 31-1, 25-2 
Sahliiiile, 85-1 

Salmiac (sal ammoniac), 59-12 
Sal ajnmoniac, 59-12 ^ 

Saleite, 181-8 
Salesite, 71-4 
Salmunsite, 79- 9 
Salvadoritc (kroehnkite) 

Samarskite, 24-3, 14-C, plate 20 
Saiiiiresite; lead betafite 
Sanipleite, 139-8 
Samsonite, 115-3 
Sanbornite, 61-5, plate 24 
Saponite, 129-11 
.Sapphirine, 6-7 

Sapphire; clear, blue corundum 
SarcoJite, 20-9, 21-10 
Sarcopside, 114-7 
Sard; clear, red chalcedony 
Sardonyx; like onyx but with layers of sard 
Sarkinite, 76-5 
Sarmientite, 182-10 
Sartorite, 85-3 
SasBolite, 73-12, 17-A 
Satin spar; fine, fibrous, silky calcite or 
gypsum 

Scacchite, 213-9 
Scapolite, 17-9, 18-10 
Scawtite, 66-9 
Schafarzikitc, 110-5 
Schairerite, 86-10 


Schallerite, 97-7 
Schanyavasktte (shanyavskite) 

Schapbachite; . mixture of matildite and 
galena 

Scheelite, 24-2, 4;5-^3, 70-A, plates 1-7, 20 

Schefierite, 2-13 

Schertelite, 160-13 

Scheteligite, 30-4 

Schirmerite, 105-2 

Schizolite, 86^, 44-9 

Schrieebergite, 4r-3 

Schoepite, 96-4 

Schorl (black tourmaline) 

Schorlomite, 7-6, plate 23 
Schreibersite. 2-1 
Schroeckingerite, 133-10 
Schroetterite, 44-11, B-12 
Schultenite, 123-3 
Schulzenite, 131-7 
Schwartzenibergite, 100-2 
Scolecite, 38-10, 9-11, 124-A, plate 26 
Scorodite, 143-8, 64-A, plate 26 
Searnanite, 138-8 
Scarlesite, 164-10 
Seigenite, 42-4 

Selenite; clear, crystallized gypsum 

Selenium, 102-4 

Selenocosalite, 124-1 

Selenokobellite, 107-2 

Selenulite. 181-13 

Selen-sulphur, 109-13 

Selen-tellurium, 38-13 

Seligmanite, 81-3 

Sellaite, 91-8, 47-9 

Seniseyite, 8^2, 118-3 

Senaite, 14-3 

Senarmontite, 128-3 

Sepiollte, 102-11, 129-A 

Serandite, 224-8 ^ 

Serendibite, 18-7 

Sericite; fine, scaly muscovite 

Serpentine, 103-10, 130-A, plates 27, 28 

Serpierite, 191-10 

Serverite (kaolinite) 

Seybertite, 120-8 
Seyrigite, 145-3 
Shannonite (monticellite) 

Shanyavskite, 161-13 
Sharpite, 188^8 
Shattuckite, 115-fi, plate 23 
Sheridanite, 158-9 
Shilkinite, 97-9 
Shortite, 106-10 
Sicklerite, 116-7 
Sideritef 77-6, 24-A, plate 24 
Sideronatrite, 145-10, 95-*il 
Siderophyllit^ 25-13 
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Siderotil. 72-11 
Silesite, 15-3 

Silicoinagnesiofluorite, 161-9 
Sillenite, 11^1 

Sillemanite, 22-8, 29-D, plate 25 
Silver, 68-1, 1-B, plate 19 
Silver glance (argentite) 

Simonellite, 162-13 
Simpsonite, 114r'2, 144-3 
Sincosite, 192-9 
Sipylite (fergusonite) 

Siserskite, 4-1 
Sitaparite (bixbyite) 

Sjogrufvite (sjogrenite), 91-11 
Skemrnatite, 3-13 
Sklowdowskite, 113-6 
Skogboelite (tapiolite) 

Skolite, 150-10 
Skutterudite, 8-2 
Slavikite, 94-12 
Smaltite, 10-2, 14-B, plate 19 
Smithite, 108-4 

Smithaonite, 56-5, 21-A, plate 23 
Smoky quartz; quartz with a smolcy color 
Soapstone (talc, steatite) 

Sobralite, 23-6 

Sodalite* 6-11, 99-A, plate 28 
Soda-berzeliite, 84-5 
Soda margarite (ephesite) 

Soda niter (nitratite), 121-11, plate 28 
Soddite (soddyite) 

Soddyite, 83-4 
Soretite; a hornblende 
Souesite (nickel iron) 

Sousmansite (wardite) 

Spadaite, 87-11 
Spangolite, lSO-8 
Spathic iron ore (siderite) 

Specular iron (hematite) 

Spencerite, l74r-8 

Sperrylite, 5-1 

Spessartite, 13-5, plate 21 

Sphaerite, 62-10 

Sphacrocobaltite, 89-5 

Sphalerite, 98-5, 73-6, 49-A, plate 23 

Sphene (titanite), 79-7, 141-A, plate 25 

Spenomanganite; variety of manganite 

Spinel, 2-5, 2-6, vS-7, 3-C, plate 21 

SfKMliophyllite, 101-10 

Spodiosite, 51-9 

Spodumene, 15-8, 20-0, plate 25 
Spurrite, 110-8, plate 26 
Staiiiierite (heterogenite), 75-5 
Stalactite; calcareous deposit on the roof of s 
cavern 

Stalagmite; calcareous deposit on the floor o! 
a cavern 


Stannite, 68-4, 87-5, 26-B, plate 21 
Starlite; artificially colored zircon 
Star quartz; quartz showing asterism 
Star sapphire; sapphire having a stellate 
opalescence 

Stasite; prol^ably dewindtile 
Staszicitc, 32-5 

Staurolite, 6-6, 9-7, 7-C, 4-D, plate 23 
Steatite (talc) 

Steigerite, 164-13 
Stellerite, 30-11 
Stelznerite (antlerite?) 

Stephanite, 101-2, 24-B, plate 20 

Stercorite, 49-12 

Sternbergite, 132-5 

Sterrettite (eggonite), 47-10 

Stctefeldite; near stibiconite 

Stewartite, 202-9 

Stibianite, 46-6 

Stibiconite, 48-3 

Stibiocoluiiibite, 22-1, 31-5 

Stibiodomeykite; domeykite with antimony 

Stibioferritc, 67-6 

Stibiopalladinite, 35-1 

Stibiotaiitalite, 21-1 

Stibnite, 101-4, 48-A, 20-B, plate 21 

Stichtite, 118-11 

Stiepclmannite, 21-6 

Stilbite, 33-1, 92-A, plate 28 

Stilpnomelane, 99-9 

Stilpnochloran, 16-12 

Stoffertite (brushite) 

Stokesite, 48-8 
Stolzite, 71-1 

Stream tin; cassiterite in a stream bed 

Strengite, 86-9 

Strigovite, 202-8 

Stromeyerite, 65-2, plate 20 

Strontianite, 79-6, 26-A, plate 24 

Strontium-aragonite, 219-9 

Strueverite; rutile containing tantalum 

Struvite, 48-12 

Sturtite, 46-1 1 

StUtzite, 110-13 

Stylotypite, 86-3, 86^ 

Succinite, 38-12, plate 27 
Sulphatic caiicrinite, 49-10 
Sulphoborite, 69-10 
Sulphohallte, 83- IQ 
Sulphur, 104-11, 41 -D, plate 28 
Sulvanite, 111-5 
Sundtite (andorite) 

Sursassite, 218-8 
Sussexite, 142-7 
Svabite, 47-6, 84-7 
Svanbergite, 88-8, plate 25 
Swedeiiborgite, 3-5 
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Sylvanite, 111-1, 39-6, plate 19 
SylTlte, 45-12. 11-A 
Symplesite, 1S3-9 
Synadelphite, 100-7 
Synchisite, 56-6 
Syngenite, 128^10 
Szaibelyite, 146-8 
Szmikite, 200-8 
Szomolnokite, 155-S 

Tabular spar (wolkistonite) 

Tachhydrite, 52-12 
Taeniolite, 141-9 
Tagilite, 103-5 
Talasskitc, 149-5 
Talc, 186-9. 36-D 
Tallow, mineral (hatchettite) 

Tamarite (taramite), 175-7 
Taniarugite, 128-11 
Tanatarite (diaspore) 

Tangeite, 165-13 

Tantalic ochre; brown coating on tantalile 
Tantalite, 9-1, 5-2, 8-3, 13-C, plate 19 
Tantalum, 7-1, 118 -13 
Tantcuxeiiite; euxenite with much tantalum 
Tapalpite; a mixture 
Tapiolite, 11-1 
Taramellite, 36-6 
Taramite (tamarite) 

Tarapacaite, 223-9 
Tarbuttite, 94-5 
Tarnowitzite, 135-8 
Tartar kaite, 204^9 
Tavistockite, 111-13 
Taylorite, 42-13 
Teallite, 110 "2, plate 20 
Teepleite, 4.3-11 
Teineite, 100-6 
Telegdite, 25-12 
Tellurite, 129-3 
Tellurium, 99-2 
Tellurobismuthite, 1 1 4- 1 
Tengerite, 112-13 
Tennantite, 57-3, 74-4, plate 21 
Tenorite, 42-2, 67-3, plate 20 
Tephroite, 29-5, plate 21 
Terlinguaite, 80-1 
Termierite, 54-12 

Teschemacherite (tschemacherite), 66-12 
Tetradymlte, 112-1 
Tetrahedritc, 57-3, 74-4, 23-B, plate 22 
Thalenite, 20-5 
Thaumasite, 7-12 
Thenardite, 145-9, 2-A, plate 27 
Thernionatrite, 6S-12 

Thinolite, a tufa deposit of calcium carbonate 
Thomaenolite, 196-8, 172-0 
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Thomsonite, 39-10, 10-11, 125-A 
Thoreaulite, 13-1 
Thorianite, 8-1 

Thorite, 43-3, 4^, 67-5, plate 22 

Thortveitite, 24-7 

Thucholite, 5-12 

Thuringite, 182-8 

Tiemannite, 88-1, plate 19 

Tiger eye; cricidolite replaced by silica 

Tikhivinite, 127-8 

Tilasite, 102-8 

Tilleyite, 206-9 

Tin, 105-1 

Tin stone (cassiterite) 

Tin pyrite (stannite) 

Tincalconite, 93-12. 

Tinzenite, 210-8 

Tirodite, 34^-8 

Titanic iron ore (ilnienite) 

Titanite (sphene), 79-7, 141-A, plate 25 
Tiranoelpidite, 13-10 
Tiranohydroclinohumite, 51-8 
Tmi.skamite, 19-1 

Toad's eye tin; cassiterite in botryoidal and 
renifurm shapes 
Toddite, 5-3 
Todorokite, 112-6 
Toernebohmite, 55-4 
Topaz, 4-7. lO-C, 27-D. plate 24 
Topaz, false; yellow quanz 
Topaz, oriental; clear, yellow corundum 
Torbernite, 154-7, plate 26 
Torendrikite, 96- 8 
Torniellitc, 1 52—1 0 
Touchstone (lydian stone) 

Tourmaline, 10-8, 4-9, 33-D, plates 21, 26 
Transvaalite, 06-6 
Traversoite, 113-13 

Travertine; calcareous deposit from springs 
and rivers 

1 reahmannite, 109-4 

Tremolite, 92-8, 48-9, 46-D, plate 20 

Trevorite, 40-3 

Trichalcite, 32-13 

Trldymite, 6-10, 1-11 

Trieuite (heterogenite), 150-8 

Trigonite, 82-1 

Trimerite, 21-7 

Triphylite, 91-7, 54-A, plate 25 
Triplite, 52-6, 94-7 
Triploidite, 55-6 
Trippkeite, 59-13 
Tritomite, 43-5 
Troegerite, 204-8 
Troilite, 67-4 
Trona, 64-11, 19-A 
Trudellite, 27-12 
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TruBcottite, 166-10 
Tachefflunite, 38-4 
Tschemacherite (teschemacherite) 

TschermiKite, 61-12 
Tsumebite, 44-2 
Tuhualite, 228-9 

Tufa, calcareous; deposits like travertine but 
soft 

Tungstenitc, 92-1 
Tungstite, 113-3 
Tunnerite; wad containing zinc 
Turanite, 10-13 
Turgite (hematite), plate 21 
Turquois, 18-9, 19-10, 61-A, plate 26 
Tuxtlite; a mixture of diopside and jadeitc 
in equal amounts 
Tychite, 89-10 
Tyrol ite, 201-8 
Tysonite (duocerite) 

Tyuyamunite, 135-5, 110-6 

Uhligite, 47-5 
Ulexlte, 71-12, 16-A 
Ullmannite, 18-2 
Ulrichite, 166-13 
Ultrabasite; probably diaphorite 
Umangite, 94-3 
Ungemachite, 89-11 
Uraconite, 60-13 
Uranlnlte, 17-1, 33-B, plate 19 
Uranochalcite, 39-13 j 
Uranocircite, 158-7 

Uranophane (uranotil), 102-6, plate 24 
Uranolepidite (vandenbrandeite) 

Uranopilite, 111-6 
Uranospathite, 185-10 
Uranosphaerite, 72-2 
Uranospinite, 152-7 
Uranothallite, 28-13 
Uranothorite, 68-5 
Urbanite, 69-7 
Ussingite, 12^10 
Urvolgite (herrengninditc) 

Utahite, 115-13, plate 28 
Uvatiite, 116-13 
Uvarovite, 8-7, plate 2^ 

Uvite; one of the tourmalines 
Uzbekite, 117-13 

Valentinite, 101-3 
Valleite, 74-9 
Valleriite, 205-8 

Vanadlnite, 65-1, 57-2, 69-A, 31-B, plates 
19. 20 

Vandenbrandeite, 63-3, 69-4 
Vandiesite; mixture of teHurobismite and 
hessite 
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Vanoxite, 167-13 
Vanthoffite, 8U9 
Variegated copper ore (bomite) 

Variscite, 45>-10, plate 28 
Varulite, 164-7 
Vashegyite, 17-12 
Vauquelinite, 66-2, 96-3 
Vauxite, 88-10 
Veachite, 171-9 
Vegasite (plumbojarosite) 

Velardenitc, 49-8 

Vermiculite; see jefTerisite, plate 28 
Vemadskite, 151-8 

Vesuvianite, 28-7, 111>A, plates 24, 26 
Vezelyite, 120-7 
^^lateite, 129-9 
Villamaninite (bravoite) 

Villiaumite, 105-9 
Violarite, 43-4 
Viridine, 30-8 
Viridite, 115-9 

Vivianlte, 181-9, 157-10. 60-A, plate 27 

Voelcherite, 119-13 

Volgite, 61-13 

Volborthite, 137-7 

Volchonskoite, 94-11 

Volgerite, 179-13 

Voltaite, 96-9 

Voltzite, 60-6 

Vonsenite, 5;V-5, plate 23 

Vrabaite, 72-3 

Vredenburgite; mixture of jacobsite and 
hausmannite 
Vudyavrite, 190-10 

Wad; mixture of impure psilomelane and 
pyrolusite 
Wadeite, 231-8 
Wagnerite, 83-8, 39-9 
Walpurgite, 68-3 
Wapplerite, 144-10 
Wardite, 63-9 

Warrenite; mixture of jamesonite and 
zinkenite 

Warthaite (goongarrite) 

Warwickite, 135-7 
Water (ice), 67-12 
Wattevillite, 84-12 

Wavellite, 78-10, 34-11, 62-A, Sl-D, plate 
28 

Weberite, 102-9 
Webnerite (andorite) 

Wehrlite, llO-l 
Weibullite, 77-1, 74-2 
Weinbergerite, ^13 
Weinschenkite, 233-8 
Weissite, 53-2 
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WeWite, 36-9 
Wellsite, 60-10 
Wentzelite, 120-13 

Wemerite, 30-9, 110-A, plates 10, 26 
Weslienite, 9-4 
Wheel ore (bournoiiite) 

Whewellite, 86-11 

W^hite antimony (senarmontite, valentinite) 
While arsenic (arsenolite, claudctite) 

White iron ore (niarcasite) 

White lead ore (cerussite) 

WJiitlockite, 94-8 

Whitneyite; copper containing: arsenic 
Wiikite; mixture high in columbium, tantalum, 
titanium, silicon, yttrium 
Wilkeite, 99-8 

Willemite, 44-"5, 33-6, 94-A, plates 8, 9, 21 
W^illyamite; cobalt ulmannite 
Wiltshireite (rathite) 

W'inklerite, 96-6, 143-7 
Wischnewite, 168-13 
Witlwrite, 101-5, 22-A, plate 23 
Wittichenitc, 97-4, 125-5 
Wit tit e, 103-1 
Woehlerite, 57-7 

Woelchite, partly altered bournonitc 
Wolfachite, 22-2 
Wolframite, 25-1, plate 19 
Wollastonite, 65-9, 107 -A, plate 27 
W'ood copper; librous olivenite 
Wood tin; cassiterite in botryoidal and 
reniform shapes 
Woodhouseite, 124-8 
Wulfenfte, f)4-l, 58-2, 71-A, plate 19 
Wurtzite, 72 -6, Sl-A, plate 24 

XanthJtane (anatase) 

Xanthoconite, 10(>-'3 
Xanthophyllite, 117-8, plate 26 
Xanthosiderite (goetbite) 

Xanthoxenitc, 221- 9 
Xenotime, 49-4, 72-5, plate 21 
Xonotlite (eakleite), 13-9 

Yellow copper ore (chalcopyrite) 


Yeatmanite, 62-3, 70-4 
Yttrialite, 37-4 
Yttrocerite, 104-7 
Yttrocqlumbite, 39-3 
Yttrocrasite, 22-4 
Yttrofluorite, 106-7 
Yttrotantalite, 36-3 
Yukonite, 147-9 
Yuksporite, 11-13 

Zaratitc, 118-9, 99-10 
Zebedassite, 112-11 
Zeolites; a group of hydrous silicates 
Zeolite mimetica (dachiardite) 

Zeophyllite, 126-9 
Zepharovichite (wavellite) 

Zeugite (martinite) 

Zeunerlte, 190-8 

Zinc, 108-1, 104-2 

Zinc, red oxide of (zincite) 

Zincaluminitc, 61-11 
Zinc blende (sphalerite) 

Zinc-copper chalcanthite, 70-1 1 
Zinc-copper melaiiterite, 1 13-11 
Zincdibraunite; probably a mixture 
Zincite, 58-3, 83-A, plates 20, 21 
Zinc scheffcrite, 77-7, 76-8 
Zinc ore, red (zincite) 

Zinc spinel (gahnite) 

Zlnkenlte, 76-5, 45-A, plate 22 
Zinkosite, 137-5 
Zinknianganerz, 169-13 
Ziniiwaldite, 176-8, 132-9, plate 27 
Zippeite, 26-13 

Zircon, 2-4, 7-5, 6-C, plate 22 
Zirconium oxide (baddeleyite) 

Zirkelite, 33-4 

Zirkite; name for zirconium ore from Brazil 
Zirklerite, 90-10 
Zirlite; probably gibbsite 
Zoisite, 32-7, 36-8, 3LD, plate 24 
Zonotilte (xonotlite) 

Zorgite; shown to be a mixture 
Zunyite, 7-9 

Zundererz; impure jamesonite 
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